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ALGAE

Summary

Algae is widely distributed throughout the costal areas of the
world. The peoples of fhese areas have long used algae as a source
of food both for themselves and for their livestock. Despite its
wide use, apparently very [i+tle information is available on the
metabolic and toxicological aspects of algae. Practically all of the
studies conducted to date have been concerned with the use of
algae in the feeding of livestock.

Table 1 presenfs fthe various genera of the Phaeophyceae
and Rhodophyceae, as well as the polysaccharide gums derived from
+hem. Monographs have already been prepared on algin, agar, and
carrageenin and, rather than reproduce the information here, it is
suggested that those monographs be reviewed in conjunction with the
current one.

TABLE t. SOURCE OF SOME SEAWEED POLYSACCHARIDES

Seaweeds (Marine Algae)

«————’“"”—;_“—_——— | _——._——~——-___““—-—————___*

Chlorophyceae Cyanophyceae
Green seaweeds (Blue-green seaweeds)
Phaeophyceae (Brown Seaweeds) Rhodophyceae (Red Seaweeds)
(4 —A N —A
Lamin- Macro- Gracl- Gigar

1lo-
Sargassum Fucus . ., Gelidium Pterocladia Ahnfeltia ¢ C Y Iridophycus Gloiopeltis

«
Laminarin Alein Fucoldin Acar Carrageenin  Avcaroid Iridoohveus  Funorin

Using pigs as experimental animals, Sheehy et al. (156)
determined the digestibility coefficient of Laminaria digitata fo
be approximately 67 and 75 for the organic matter and nitrogen-free
extract, respectively. Rhodymenia palmata was found, in tests on
rats, to have a net profein utilization value of 42, as compared to
44 for peas and 49 for corn (149). Dulse has been reported to be
comp letely digestible by man (149).

Laminine ( (5-amino-5-carboxypenty ) +rimethy lammonium)
monocitrate, extracted from Laminaria angustata, was found by
Ozawa et al. (130) to have an LDgg of 394 mg/kg when administered

i.v. and an LDgg of 2.98-3.57 g/kg when injected s.c.

in 1939 Lunde (108) reviewed a number of feeding experiments



on poultry, rats, hogs, and horses and concluded that the addition

of 5-10% algae meal to fodder showed beneficial results, however, larger
amounts must be used with caution because of the iodine and mineral

salt content of the algae. A 1953 review by Black (9) indicates that
10-20% Ascophyllum or Laminaria meal may be used in feeds for pigs,
sheep, cows, horses and poultry with good resul+ts.

Maclintyre (112) reported that the addition to the diet of hens
of 10-50% seaweed meal made from Fucus vesiculosus or Ascophy!lum
nodosum, which was found to be poorly digested by the hens,
depressed the digestibility of all dietary nutrients except fat.
Studies conducted by Hand and Tyler (59), in which hens were fed
seaweed meal made from Laminaria cloustoni, Ascophyllum nodosum or
Laminara saccharina, at levels of 10 to 20% for 14 to 16 days indicate
that none of the seaweed meals considered produced any positive
results of value and that the birds receiving L. cloustoni and

A. nodosum tended to lose weight or show a fall in egg production or
both.

Tsujimura et al. (182) found that the addition of powdered
Laminaria japonica to a flavin-deficient diet produced a better
response in rats than the addition of flavin alone, indicating that
Laminaria contains other nutritional factors in addition to flavin.

Feeding experimental lots of Corriedal gimmers for 60 days with
rations that included 0, 100, 200, or 300 g/day of dried unwashed

Macrocystis pyrifera was found by Carrazzoni et al. (20) to produce
no adverse effects.

An experiment conducted by Burt et al. (18) revealed no
significant differences in the effects upon milk yield from Ayrshire
cows among concentrates containing 10% seaweed meal (from Ascophy! |um
nodosum and Laminaria cloustoni) and 8.75% oatfeed and 1.25% salt.
Berry and Turk (5) reported that maintenance of heifers through their
second gestation period on a diet in which kelp meal is added at the
rate of 4% of the concentrate mixture produced no adverse effects.



BROWN ALGAE

Chemical Information

. Nomenclature
A. Common Names

Brown Algae
Phaeophyceae
Kelp

Brown Seaweed

PN N =

B. Chemical Name
None
C. Trade Name
None
D. Chemical Abstracts Services Unique Registry Number

977001-75-4

Il. Empirical Formula

Not Applicable

1. Structural Formula

The chemical composition of two seaweed meals and the
amounts of trace elements contained by them are presented
in Tables 1 and 2 (10).

Ll " Table 1 e
" Typical Aznlyses ef Seaweed Meals (Dry 2auls)

Laminaria Mzzls « Ascophyllum Mz=als
’ 2

L T | 2 1 .
Total ash ... 20.10 2782 2192 7.50
Crude preteins U R X) 7.57 8.51 9.11
Eiher extrac: e 0.51 1.7+ 3.23 2.3j
Cruce fibre ... - 4.04 3.4 $.02
N-iree extractives ... . .66.30 S332 €2.84 57.06
Calcium 1.54 2,48 O e 1.53
Phosphorus ... e 07 C.24 0.12 C.12
Chicrice ... .. 6.53 — —_ 5.98
Starch equivalent ... —_ 49 19 -
L2 2
Trooox Tioment Contoat cf Seawend Mools
(p.2.o cf dry maiter

Co NI Mo Fe oS Za V Ti
S€00205 .20 2585 10 07 1 T 131y




The chemical composition of seaweed meals used by Burt et al.
in a feeding study with cows is presented in Table 3 (18).

Table 3. Chemical composition of seaweed meals.

. (Porcentago of dry matter.)
Dry

: : Nitrogen- o
matter  Crude  True  Lther freo : ) _
Food (%)  protcin protein extract Fibre extractives Ash Ca0 T,0 . Na

Ascophylhon 88:56 693 509 333 549 60-82 _ 2343 2562 0262 . 382
nodosum meal . - . ; . .

Laninaria 90-83 1198 832 0-66 l 870 5215 26-91 2-63 0-590 . 1191
eloustont meal : . S . .

IV. Molecular Weight

Not Applicable

V. Specifications

Food Chemicals Codex

Ash (Total) Not more than 35%
lodine content Between 0.15% and 0.22%
Loss on Drying Not more than 13%
Limits of Impurities

Arsenic (as As) Not more than 3 ppm
Heavy metals (as Pb) Not more than 40 ppm
Lead Not more than 10 ppm

Vi. Description
A. General Characteristics
The dehydrated seaweed obtained from Macrocystis pyrifera and

related species is dark green to olive brown in color and has a
salty, characteristic taste.

B. Physical Properties

Not Applicable
C. Stability

No Information Available

VIl. Analytfical Methods

None

VIlIl. Occurrence

Macrocystis pyrifera is found in the temperate zones of the
Pacific Ocean. The commercially harvested beds, however, are found
off Southern California.

[



RED ALGAE

Chemical Information

. Nomenclature

A. Common Names
1. Red Algae
2. Red Seaweed
3, Rhodophyceae

B. Chemical Name
None

C. Trade Name
None

D. Chemical Abstracts Services Unique Registry Number

977007-74-1

1. Empirical Formula

Not Applicable

I11. Structural Formula

Not Applicable

IV. Molecular Weight

Not Applicable

V. Specifications

None

Vi. Description

No !nformation Available

VIl. Analytical Methods

None



Occurrence

Scaweed

Ahnleltia plicata

Camphylacphora hypncoides

Endocladia muricata
Eucheuma spinosum
E. isiforme

E. denticulatum
Gelidium amansii

G. cartilagineum

G. corncum

G. australe

G. pristoides
Gigartina asperifolia
G. canaliculata

G, serrata
Gloiopeltis
Gracilaria confervoides
G, lichencides
Phyllophora nervosa
P, rubens
Pterocladia lucida
P, capillaceac
Suhria vittata

Ahnfeltia plicata
Eucheuma isiforme
Gracilaria confervoides
G. multipartita ’

Location

Russia (Maritime Coast and White Sea area)
China

California

China

China

China

California, China
California, China, S. Africa
China, California
California

S. Africa

California

California

California

California

China, Australia, S. Africa, California
China, Australia

Russia, Black Sea

Russia, Black Sea
Australia

Brazil

8. Africa

North East Coast

Florida

East Coast of N, America
East Coast of N. America



DULSE

Chemical Information

{. Nomenclature

A. Common Names

1. Dulse

2. Rhodymenia Palmata
3. Red Kale

4. Neptune's Girdle
5. Sou-soll

6. Sea-devil

7. Horse Seaweed

8. Cow Seaweed

9. Animal Seaweed

B. Chemical Name
None
C. Trade Name
None
D. Chemical Abstracts Services Unique Registry Number

977007-84-3

Il. Empirical Formula

Not Applicable

I11. Structural Formula

A complete analysis of Rhodymenia palmata gave the following
results (149).

Substance Percent

~ ash.'» : 21.2 ¢

" .-total sulfate 0.7
nitrogen 85
fats and pigments

soluble in carbon tetrachloride ) T 24
alcohol solubles “ 79
uronic anhydride 34 !
cellulose 24
reducing sugars 86.2 anhydropentose
. 8.5 anhydrohcxose



IV. Molecular Weight

Not Applicable

V. Specifications

None

VI. Description
A. General Characteristics
The Rhodymenia palmata plant is composed of dull red, forked,

irregularly divided, rubber-1like blades which originate in a
short, inconspicuous stipe. |1 grows to a height of 5-15 inches

and a width of 1-3 inches.

B. Physical Properties
Not Applicable

C. Stability

No Information Available

VIl. Analytical Methods

None

Viit. Occurrence

Rhodymenia palmata is widely distributed throughout the world.



Biological Data

I. Acute Toxicity

Dosage
Substance Animal Sex & No. Route (mg/kg Body Wt) Measurement Ref.
Lam* Mice - i.v. 394 LD50 130
Lam¥* Mice - s.c. 2980-3570 LD50 130

% aminine ((5-amino-5-carboxypenty!l) trimethylammonium) monocitrate

Mice

Using mice, Ozawa et al. investigated the acute toxicity of
Laminine ((5-amino-5-carboxypentyl) frimethylammonium) monocitrate
(Lam), extracted from Laminaria angustata. The LD5g's by the
intravenous and subcutaneous routes were determined at 394 mg/kg and
2.98-3.57 g/kg, respectively. Infravenous injection produced spasm
and opisthotonus, followed in several minutes by death. A dose of
500 mg/kg i.p. produced no characteristic change other than weak fremor
of the hind legs and hypomotility and 200 mg/kg 1.p. was found to
exhibit no effect (130).

{I. Short-term Studies

In 1939 Lunde reviewed a number of feeding experiments on pouliry,
rats, hogs, and horses in which algae meal was fed at various levels.
He concluded that the addition of 5-10% algae meal to fodder showed
beneficial results, however larger amounts must be used with caution
because of the iodine and mineral salt content of the algae (108).

In 1953, Black reviewed the available |iterature concerning the
use of brown algae as a stock food. The results of feeding trials with
pigs, sheep, cows, horses and poultry indicate that 10-20% Ascophy | lum
or Laminaria meal may be used in feeds with good results. |t was
found that ruminants can utilize the products better than pigs. The
addition of 20% algae meal to the feed of hens upset their mineral
metabolism while 10-15% was completely acceptable (9).

Hens

In studies using laying hens, Macintyre examined the digestibility
of dried ground seaweed meal made from Fucus vesiculosus and Ascophyllum
nodosum. Groups of six Barred Plymouth Rock laying hens, approximately
one year old, were given rafions containing 10-50% seaweed meal for
periods from 4 to 8 days. The rations and results of the trials are
presented in Table 1. The results indicate that the seaweed was
poorly digested by the hens, even at 104 of the diet, and that the
addition of seaweed meal to the basal ration depressed the digestibility
of all nufrients except fat (112).
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In a study by Hand and Tyler, three different seaweed meals,
Laminaria cloustoni, Ascophyllum nodosum and Laminaria saccharina,
were fed to groups of four Rhode Island Red pullets at levels of 10
and 20% in a basal ration for periods of 14-16 days. Analysis of the
basal ration and of the seaweed meals is presented in Table 2. The
results of the study indicate that none of the seaweed meals considered
produced any positive results of value, although L. saccharina meal
showed no detrimental effects. Birds receiving L. cloustoni or
A. nodosum meal tended to lose weight or show a fall in egg production
or both as a result of receiving less energy than was contained in
the normal ration. The high chloride content of all three seaweed
meals caused very heavy water consumption and heavy excretion of water
and chloride, but this did not appear to affect the general health of
the birds. Changes observed in calcium, phosphorus and nitrogen
retentions and balance could be explained on the basis of changes in
egg production. The results of a further study in which L. cloustoni
(stipe), L. cloustoni (frond) and A. nodosum were fed at levels
of 10 and 15% for 100 days support these conclusions (59).

‘Table 11

Average anvalysis of the dry matter of the basal vatiew and of the thiee scaweed meals

Basal Laminaria Ascophyilhim Laminaria
ration cloustoni nodosiin saccharina
%o % % %

Crude profein 18:50 14712 10°25 415
Ether extract 302 1:30 190 031
Crude fibire 848 540 350 480
Nitragen free extract 046 37°00 6o-85 7254
Total ash 515 4128 2350 1820
Insoluble ash 053 054 0-32 021
Calcinm o050 1+21 : 1-206 1°48
Phuspharus 044 0-36 o2 013
Chloride 01§ 1382 556 595
Moisture 1341 . 7:20 10-80 e 848 '

10



Rats

For a period of approximately 30 days, Tsujimura et al. maintained
16 rats on a flavin-deficient diet. The rats, which at this time
exhibited a marked flavin deficiency manifested in rough fur and
poor weight gain, were divided into 3 groups: the first continued
to receive the flavin-deficient diet, the second received 5 micrograms
of flavin phosphate per day in addition fo the flavin-deficient diet,
and the third received 1 g of powdered Laminaria japonica per day
in addition to the flavin-deficient diet. The animals continued on the
flavin-deficient diet continued to show poor growth, roughening of
the fur, and some finally died. However, the flavin-treated and
algae-treated groups both showed normal growth and smooth fur.
Furthermore, the Laminaria-group responded better than the flavin-
group, indicating that Laminaria contains other nutritional factors
in addition to flavin (182).

Sheep

For a period of 60 days, Carrazzoni et al. fed 4 groups of 3
Corriedale gimmers each with rations that included 0, 100, 200 or
300 g of dried, ground, unwashed Macrocytis pyrifera per day. The
control lambs were given 20 g of bone flour per day to provide
minerals. All of the animals grew well and no toxic effects were
observed. No variations were found in the blood levels of calcium,
magnesium, phosphorus, urea, and total protein, nor in the number of
red corpuscles or the hemoglobin values. Ruminal pH and abdominal
circumference were unaffected and no digestive disturbances were
observed. Mating of the lambs resulted in normal conception,
gestation and parturition in all cases (20).

Cows

An experiment conducted by Burt et al. showed no significant
di fferences in the effects upon milk yield from Ayrshire cows among
those receiving concentrates containing 104 of seaweed meals (from
Ascophy | lum nodosum and Laminaria cloustoni) and those receiving 8.75%
ocatfeed and 1.25% salt. The milk produced on the oatfeed-salt mixture
had a slightly but significantly higher solids-not-fat content than
+hat on the mixtures containing seaweed meals. |1 was pointed out
that the oatfeed mixture had a starch equivalent of only 39, which is
a low value for an ingredient of concentrate mixtures for dairy cows.
The chemical composition of the seaweed meals and oatfeed is presented
in Table 1 (18).

Table 1. Clemical composition of the scaweed meals and oalfecd

N {Porcentage of dry matter.)
Dry '

. : Nitrogcn-
matter  Crude  True  Ether free o
Food (%)  protein protein extract Fibre extractives Ash Ca0 PO, NaQl
Aecophyllum 88-56 6-93 5-69 3-33 549 60-82 4 -5 -262 .
yllum, ; o - 23-43 2-52 0-262 3-82
Laminaria 90-83 11-98 8:32 0-66 8:70 52- 3 - g -
i » . 2-75 26-91 2-63 0-590 11-91

Oatfecd 91'-00 848 781 479 16-569 67-33 2:81 013 0729 020

11



Using 74 heifers of approximately one year of age, Berry and
Turk conducted a feeding experiment to investigate the value of kelp
meal in rations for dairy cattle. The animals received corn silage
and clover hay in amounts that would be readily consumed each day,
plus 4 pounds of a concentrate mixture containing approximately 14%
total protein. Half of the animals were given kelp meal at the rate
of 4% of the concentrate mixture. Maintainence of all of the animals
on this regimen through completion of their first gestation period
and of 52 of the animals through completion of their second gestation
period revealed no significant effects resultant from the feeding of
kelp meal (5).

I1l. Long-term Studies

Man
In the Far East seaweeds have for centuries been an accepted

food for humans, constituting up to 25% of their diet. !t is stated
that people in these countries derive considerable nourishment from
seaweeds by virtue of the fact that they have been fed on them since
childhood and the intestinal microflora essential for the metabolism
of certain of the seaweed constituents has therefore been set up
(10).

IV. Special Studies

None

12



Biochemical Aspects

i. Breakdown

No Information Availabie

I'l. Absorption - Distribution

Using pigs as experimental animals, Sheehy et al. determined the
digestibility coefficient of Laminaria digitata meal fto be approximately

67 and 75 for the organic matter and nitrogen-free extract, respectively
(156).

The crude protein in dulse can be readily utilized by either man

or animals. In tests on rats, Rhodymenia palmata was found to have
a net protein utilization value of 42, as compared to 44 for peas
and 49 for corn. It has been reported that dulse is completely

digestible by man (149).

111. Metabolism and Excretion

No Information Available

V. Effects on Enzymes and Other Biochemical Parameters

Sumita et al. reported that the feeding of kelp meal (5-10
g/day) to White Leghorn hens increased the iodine content of the eggs
produced (168).

The iodine content of dried samples of Laminaria japonica ranges
from 0.17 to 0.55%. It has been reported that 98-99% of this iodine
is absorbed from the gastro-intestinal tract when ingested. Ino
et al. conducted a study to determine the effect of seaweed ingestion
on the thyroidal uptake of radioiodine. The oral administration of
7-16 g of L. japonica per day (0.02-0.05 g |/day) for 1-14 days resulted
in a marked decrease in the uptake of radioiodine by normal and
Grave's disease persons. Discontinuation of ingestion of seaweed
resulted in the return to normmal of the value for radiociodine uptake
in about 2 weeks (73).

V. Drug Interaction

No Information Available

VI. Consumer Exposure Information

No Information Available

13
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P32. The Value of Kelp Meal in Rations for Dairy Cattle* M. H. BErry
AND K. L. Turk,t University of Maryland.

The value of adding kelp meal to dairy rations has been investigated
with 74 dairy heifers. Ieifers were placed on experiment at approxi-
mately one year of age and were continued through their first calving
period. TFifty-two anmmh were kept on the experiment through a second
gestation. :

When placed on the experiment,. the. heifers were paired according to
breed, age and size and were fed in dry lot.  They received corn silage and
U. S. Nu. 2 clover hay in amounts that would be readily consumed each day,
plus 4 pounds of a concentrate mixture containing approximately 14 per
cent total protein.  Kelp meal was fed at the rate of 4 per cent of the con-
centrate mixture to one animal of cach pair. -

Results from the 37 pairs of heifers completing their first g(’statlon

period showed no advantage in favor of either ration. Heifers in the con-
trol group made an average daily gain of 1.05 ponnds and those in the kelp
* This investigation was supported in part by the Keleo Company,»San Diego, Cali-
fornia. - . :
t Seientific Paper No. A=G68a, Contribution No. 1844, of the Maryland Agricultural
Ixperiment Station, Department of Dairy Iushandry. 755
group cained 1.03 pounds per day.  In the control group; 1.45 services per
coneeplion were required, while 1.86 ser 'vices per coneeption were required
by the Licifers receiving kelp.  'There were 2 abortions in each _group, 5 cases
of retained placentas in the control group and 2 cases in the kelp group, and
2 animals from each group were discarded as non-breeders. Heifers on the
control ration had an average gestation of 276.5 days and those on kelp 275.9
days. Calves born to the kelp fed animals averaged 2.26 pounds heavier at
birth than those from animals on the control ration. No significant differ-
‘ences were noted in physical condition of the annnals at freshenmc' or in the
conditlon of the calves at birth.

For the 26 pairs of heifers which were continued through a second gesta-
tion priod, the controls averaged 2.23 services per conception, while the
kelp-fed animals averaged 1.92 services. There were 3 abortions and 2 cases
of retained placentas in the control group, and 2 abortions and 4 cases of
retained placentas in” the kelp group. . Calves born in the control group
averaged 1.71 pounds leavier at birth. The length of gestation averaged
277.7 days for the controls and 275.4 days for the kelp-fed animals. No dif-
ferences were noted in the physical condition of cows at calving or in the

calves born to cows from either ration. A

Laetation data showed no differences which could be attributed to the
ration. On a 4.per cent fat-corrected-milk basis, the control cows averaged
8089.5 poundﬁ of milk and the kelp cows averaged 7715.2 pounds. In both
cases lactations averaged 303 days in length and the average age of the ani-
mals at freshening was 2.5 years. Feed consumption records showed no
stimulating effect from the feeding of kelp and liveweight changes were
slightly in favor of the kelp-fed animals during lactation.

J. —.Dcuvy Science
26:754-755, 1943

! - Reproduced by permission
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STAWEED AS A bTOCKFOOD

. W, A. P Bracg, B.%., °HD., FRLC
Iystituzz of Seaweed Resecrch, Inveresk, Mtdlatﬁm

2d commeniy found around the coasts of Britain

{ cartohydrates, minerals, trace elements, vitamins. -
promoting sudstances, and on the evidence of . %
LT r”' 2d, it can provide a uSﬂful supplementary fcod .
3, saien, pigs and ooultry s A

Th: brown

M\ LTHEOCCI sheep and cartle have grazed on our shores from time
_f\ i imemori—in some casss existing almost entirely on'seaweeds—and

~=de=lycrn 2¢ 2 onweeds have long been used in many coantries as a-stock-
focd, corarpiively uttis informaticon has hitherto been available on the
actuni “oou va.ue ol seaweads. Thisis due to the fact that very few controlled
d*g=~humt inis zave been carrizd out and, whers they have, the seaweed
vsed has teen imnialy cast weed of deubiful origin, glvm in»-many cases.
resulis of a contragiztory nature.

In genernl, cha senveeds can te d.v1c°d into four main grct.ps : (l) thc
brown seasseeds ; (2) the red seaweeds ; (3) the-green seaweeds ; and (4) the
biue-green sexwesds. 3ut as only the brown seaweeds cccur around the
sheres of Britair in sufficiert quantity to make their collection an economic
proposition, work has, up to the pre<ent beﬂn corﬁned‘ennrelv to dns vanety

Great Varlation in Comrosition In carrying out dxgestwﬂny tm.ls wm
seaweed, cne of the main difficulties is the
great variction in coprositicn.  This, howev er, is also a marked feature cf
farm foods, esvecially grassland preducts. The changes are typical of ail
‘plants and, just o5 in the case of grasses where the composit tion is clesely™
e!a.t d to the fatio of leaf to stam, in seaweseds the compcsmon depeucs cn
the ratio of frond {(12zf) to stipe (stalk). PR

The brown seaweeds can be further divided into two main clas<e S (Dthe
litoral or rock weeds which cccur cefween high and low water marx wilid

scopiylizm nocosum (knotted wrack) the p redominant species; and (2) t"‘
sublittera! weadswwhich grow bel ow iow water down to 12 Fathorrs (72 fect
with Laminzria cloustoni pn.domm:.t:nc In bnel, therefore, two main & “"‘
of seaweed meal—"Ascophylium meal” and “ Laminaria meai” cen 3
consicered, although only the former is at present available commercialy-
A typical analys ysis of these two meals is gwea in the fouowmo table :

Dry Crud® True Ether Crrde Tetal Nitrogen Cal- Phes- £
Maier Pro- kro- Ex. Titre Asp  -fres  cium phorus
temn tein tract Extract-
ives
833 631 312 259 2036 59.75 116 0.
727 5.30 1.67 3.33 2673 5649 236 0

Ascophylium meal  95.
54,

10
Laminaria meat 0-.

Carbohydrates. In the absence of free sugars., seaweeds contain {3
hydric alcohol maghitol, which varies from S per cent to as much 2s
cent of the dry matter. D-Mannitol, or manaa sugar, is a ot
odcurless, crvsto.lhre powdcr with half the swestness of .,ucwx‘«1
ainounts of mannitel are reacily utilized, being partly converted 0 2+
_but in comparatively laroe doses it has a mild. laxative u~eh

126 _ R ‘~ ' . ;f e - .

Af" ey Huro_
: (26-130, 19353
Reproduccd with :rhe permission
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e ;tar:': ¢’ tie land pianis, a 2lucose polymer called “larninarin®

tininz brown SeneSCs, nd in 2atumn it makes up 25 per cent of
cnrter of the plaat, Itis 2asily «nlit up by enzymes and wezk zeid
racunt oY :.:e o zcece. and werk at the Hannah Da iry

s the only constituent readlly utilized

2: (7-19 per cent), the place of cz2liu-
dvtakon by ulgmc acid (15-25 per
. _emon () have investigated tais
~nt ceasiderable nutritive value, The

n LA.[J./\-

a1 protzins. Recent work bas
:1:-(.;,4.45 but ibe crude pretein

comtent rarel” OTeis 5 e cani (S=13 mar
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r The breva convects eonizin nmounis of fats varying from less tn .0
l wr cent to 8 or ¥ cer conl. 2nd hers also thers seems to be very Litle
diforence petwveen thcse frosent in seaweses and these in land plants.
Minerals cnd Trace clomeniz, A chanactonst e ‘a“‘re‘cf seaweeds is their

: mernd content (U io A3 sorcent of thadry ‘ﬁ“twrﬁ, and if can be said:
120 they €ontain i thz eliments waich 2ave so Sur been shown to play oo
impertant oart a2 ol oTrocoIsas uf tae animal. In a wel

theraicrs, Lann weu.d Zzem o be an excellent miner;:
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Taz ceeurrence of ioging is =cint ol mrjor importance. Depe"d""

on e species anc senicn cj 2T. b2 erown seawesds contain 0.03-

rarcenticaine (:rv cazis) iz g Jorm more Thivabia thanin iodine salts. Loy

partly present as ins mracursor of wovToning, .

Viamins, QW“eecs cca w2 e‘c*""‘:rsd 2 valvable source of vitamizs.
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SCAWEED AS A STOCKFOOD
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5I4 VZZD I ANIMAL FOODSTUFFS -
L A% AJLADILITY AND COMPOSITIGN e

Soor Duack, 3.8¢, PrD, FRIC, F.RSE:
Instituty of Svaveed Research, Tnveresk, Midlothian

e of oriculiurc® the use of seawseq as a
4 oy Dr. Biack. The considerable

zd has prompteg this up-to-date seview

saaweszds,

seer 1 accord.

in mest caras, and tarticularly in the
iy tras, O

a ve veen of short duration (12 days).
However, u the rur East _enweeds have Jor centuries ceen an accerted foed
for kumuns, conatituiing up t0 25 oor cent of their diet. It is stoted that
peopie In these countries denive consideraclz ncursshment from ssawesds by
virtue of ihe ool tact tihey aave been fed on them since childheed, ard the

intastinal micrezcra essential for the meatacolism of certain of tie seawesd

\e

constituents has therepy ceen set up. In view of s, feeding 2nd digest-

bility imais with animais sheuid te carried out for a reascncbie peried, fer,
if the cerrect mucrerlora can te introduced, the wihcle aspect of seaweed as a
focd might be chunged.

Since seaweeds—and vorticulerly the brown weeds—-areshigh in minera!
matter (sulphates and caloricasy und centain certain sereanic constituents
witich have been shewn 10 have a laxative effect, as well os constituents
which ore net readily utilized, there is a jimit to the 2xtent tc which seaweed
can be incorporated in thz anmmal diet. This has ceen berne cut by feecing
trials, and taus it can only be regarded as a supplementary focdstwif. When
fed up to 10 per cent of taz basal diet, however, s value is JiJcuit ‘¢ assess,
since it will derend on the diet with which .1 is f2d. Nevertheless, in view cf
1ts uinique composition, £nal assessment cof s value in foodstuffs shor!d net
be based entirely on nuirition Rgures. E.Ject on the general health of the
animal, preductivity, etc., clibough now well recognized by the many users

of scaweed, ure, however, dificult 1o prove scientificaily.

L2

Possible Commercial Egploitation Althcugh a great variety of seaweeds

cccur 2reund the 3.3C0 mrles of Scottish
coastline, only a limited number are oresent in suficient quantity to justify
their commercial expleitation. Between high and low water mark at least 2
cuarter of a mulijon tons of litteral brewn seaweed, mainly Ascophvlium
nedosuin (Knotted wrack), cecur, while from jow water down to 10 fathoms
(€0 feer) un area of 2 million acres supperts chout 10 mullion tons of sub-
lirteral weed (Laminaria or “tangle ), of which J-4 muilion tens are con-
centrated in quantitics cf economuc value. Two main types of seaweed’
meal—Ascophyiliun and Laminaria meal—could therefere be availacie in
quaniity and, aliowing fer regeneraticn, over 2 miillion tens ceuld e har-
vested per vear in Scotland alone, giving abeut a quarter of a million tors cf
dry materizl. This quantiiy oy ce asitnificcnt »asn compared with lond
crops, but it could still make a valuoole contricution 10 cur home-predusie
feedingstufls. DA

* Seaweed as a Stockfood, pp. 126-30.
12

Agr- eulture
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T:ble 1 . *

Typical \nniyses ¢f Saweed Jul Dy Zasl)

Lamincria M:zis Asconkyllum Mea.s

1 2 1 2
Totzl ash ... 20.10 27.22 2193 27.50
Crude preteins 7.34 7.57 8.51 9.11
Ether extract G.51 1.7+ 328 2.31
Cruce fikrs ... 5.53 4.24 3.14 4.02
N-iree zxatractives 66.20 8353 62.84 57.C6
Calcium 1.24 2.8 . 122 1.58
Phosphorus ... 0.t7 0.2+ 0.12 Q.15
Chlerice 6.53 — 5.98
Starch equivalent B 49 19 —

-2
Carbohydrates, Preteins agd Tois The main carbohydratss found in e
brown scawesds are mannitel, lomine-
arin, fucoidin, alginic ac i, and celluicse. The sweet-tasting mannitol takes
the place of the : igars of the wnc =ianis.  In small ameunts it is readin
utilized and mav ke rartly convertad to alveegen. but in larger doses it can
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556. THE USE OF SEAWEED MEALS IN CONCENTRATE
MIXTURES FOR DAIRY COWS

By A. W. A, BURT, S. BARTLETT anp 8. J. ROWLAND
National Institute for Rescarch in Dairying, University of Reading

There has recently been some interest in the possibility of increasing the utilization of
seaweed for livestock feeding. Only the brown seaweeds occur in sufficient quantity to
justify their collection for this purpose. Quantitative surveys of the main deposits around
the Scottish coasts(1) showed deposits of over 180,000 tons of the littoral (mainly Asco-
phylluin nodosum) and about 10,000,000 tons of the sublittoral (mainly Laminaria
clouston?) brown seaweeds.

Black) and Woodward (1) reviewed various experiments on the use, chiefly in the
rations of sheep, pigs and poultry, of seaweed meals for stock food, and concluded that
ruiminants make better use of seaweed meals than do pigs. Senior, Collins & Kelly @) in.
digestibility trials with sheep, found that their best seaweed sample, Laminaria collected
in the autumn, had a feeding value comparable to that of meadow hay. The same
workers observed that the protein in these materials generally had a low and sometimes
a neg:tive digestibility. This was confirmed in experiments at the Rowett Research
Institute (unpublished; quoted by Black©) and Woodward (1)), and Laminaria meal was
found to be more digestible than Ascophyllum.

Very little critical work has been done on the value of seaweed meals for dairy cows,
although these materials are being used commercially. Dunlop (4, using cows on seventeen
farms, studied the effect of substituting approximately 200 g. of Ascophyllum meal daily
for a similar amount of the normal concentrate ration, and concluded that there were
considerable increases in butterfat production.

In view of the lack of information, obtained under carefully controlled conditions,
about the value of seaweed meals to dairy cows, it was decided to compare samples of the
two main types of seaweed meal with a feed of known nutritive and commercial value.
An experiment has therefore been carried-out to compare the effects on the yield and
composition of milk, of concentrate mixtures containing (a) 4. nodosum meal, (b) Lami-
naria cloustons meal, (c) oatfeed and common salt. Black2) and Dunlop ) indicated that
seaweed meals were relatively unpalatable when fed to dairy cows, and this was confirmed
in preliminary small-scale trials in the Institute herd. It was evident that not more than
about 109, of seaweed meal could be used, and that this would have to form part of a
concentrate mixture containing ingredients of high palatability.

MATERIAL AND METHODS

The Ascophyllum nodosum used was collected in the spring of 1953 and the Laminaria
cloustont in the autumn of 1952: both were dried and milled to produce suitable meals.
The oatfeed used was the by-product of the production of oatmeal and had a calculated
starch equivalent of 45.
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Analyres of the two seaweed meals and the oatfeed are given in Table 1. The compoi.
tion of the former agrees with data quoted by Black@), after making due allowance for
the considerable variation which occurs naturally in these materials. The oatfeed differed
from the seaweed mainly in having a higher percentage of fibre and soluble carboliydrate,
and a lower ash content. :

Table 1. Chemical composition of the scaweed meals and owtfeed
(Percentage of dry matter.)

Dry Nitrogen-
matter  Crude  True  Yither free
Foud (%)  protein protein extract Fibre extractives Ash CaO P,0, NaCi

Ascoplylluin 8856 6-93 569 3-33 549 60-82

. 2343 2-52 0-262 3-82
nodoswm meal

Laminaria 90-83 11-98 832 066 870 5275 25-91 263 0:390 11-91
cloustoni meal
Qatfeed 91-00 848 7-81 4-79 16-59 67-33 2-81 0-13 0-729 0-20

Three concentrate mixtures, designated A, B and C, containing Ascophyllum nodosum
meal, Laminaria cloustoni meal and oatfeed respectively were prepared and cubed. The
constituents of these mixtures and their relative proportions are shown in Table 2, In the
control mixturc C, 82 % of vutfeed and 119, common salt were used, in contrast to 109,
of seaweed meal in the other mixtures, the salt being added in order to make some adjust-
ment for the much lower salt content, and higher soluble carbohydrate content of the
oatfeed. The chemical composition of the three concentrate mixtures in Table § shows
very little variation between them.

Table 2. Composition of the concentrate miztures, A, B and C

(Percentage by weight.)

Mixture A 109%, Ascophyllum nodosum meal

: Mixture B 109, Laminaria cloustoni meal
Mixture C 8§ % oatfeed plus 119 common salt
Each with 009, of the following:

15 barley meal 10 decort. cotton cake
31} maize germ meal 15 decort. groundnut cake
b rice meal 2% dicaleium phosphate

5 molasses 1} limestone flour

5 linseed cake

Table 3. Chemical composition of the foods

{Percentage of samples as fed.)

Nitrogen-
Crude True  Ether free
Food protein protein extract  Fibre extractives Moisture Ash Ca0 P,0; NaQl
Concentrates:

Mixture A 17-74 16-71 668 482 50-22 11-82 872 2:22 2-33 0-62
Mixture B 17-88 16-22 6-20 522 49-69 12-22 879 2-01 2-29 1-26
Mixture C 17-12 1686 675 537 50-96 1238 742 1.60 220 I3
Hay* 789 7-02 1-56 2702 36-78 21-36 5-39 — — -
Kale* 1-68 1-25 0-31 2-87 9-03 84-7 1-41 —_— - -

* Mean values for three sumples.

Eightcen high-yielding Ayrshire cows were used in this experiment, twelve of which
were in the first 2 months of lactation, and six in the third and fourth months, when the
experiment started.
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i
The Eugyont of the Gial was similur to that deseribed by Cocliran, Autrey & Cannon(s),
and consisted of two complementary % x 3 Latin squarces as follows, replicaled three
{imes:
Cow Cow
f‘*""—_wj\ ——_——_\ s A )

Period 1 2 3 4 5 [

T A B C A B C

It B C A C A B

1iL & A B B C A

wheve A, B and C ure the three concentrate mixtures,

An mitial control period of 2 weeks on normal herd rations was followed by three
experiniental periods, euch of 3 weeks’ duration. Owing to the relatively small differences
between the concentrate mixtures, the changeover from one type to another was made
abruptly.

A basal reuglizge ration consisting of 30 Ib. marrowstem kale and an average of 18 Ib.
bay, estimated to supply nuttients for maintenance and the production of the first
1} gal. of milk, was fed duily to each cow throughout. The amount of hay fed to each cow
was based on her live weight in the control period as estimated by taking chest girth
measurements and using the conversion tables for the Ayrshire breed given by Davis,
Morgan, Brody & Ragsdule(). A difference in estimated live weight of 70 Ib. from the
standard of 1000 1b. was met by an adjustment of 1 Ib. hay/day to the average quantity of
18 1b.

Concentrate cubes A, B, or C were fed at the rate of 3% Ib./gal. of milk above the first
1} gal. The quantity of concentrates was originally based on the yield of cach cow during
the control period, and was subsequently adjusted by a reduction of 1Ib./head/day at
each changeover.

The cows were fed individually, and all food offered, and refusals were weighed.
Milking was twice daily and yields were recorded at each milking. Samples for the
determination of the fat and solids-not-fat percentages of the milk were taken at four
consecutive milkings in each week, and a single weighted composite sample prepared for
each cow for analysis. The foods were analysed by the conventional methods: the fat
content of the milk was determined by the Gerber method, and the total solids content
gravimetrically. :

At the end of the control period and each experimental period, the chest girth of each
cow was recorded and its fatness and the handling properties of the skin were estimated
subjectively on scales ranging from 0 to 10 points.

RESULTS

The mean milk yield and percentages of fat and solids-not-fat for each treatment, com-
Puted from the data for the last week of each experimental period, are shown in Table 4.
The solids-not-fat percentages were expressed in terms of the fat-free milk before com-
Putation. One cow had a severe attack of mastitis in the last experimental period and her
values for this period were calculated using the missing plot technique applied by
Blaxter & Frenchis) to experiments of this type.

The differences between the mean milk yields produced under each treatment were
negligible. The lowest mean fat percentage was associated with mixture B and the highest
With mixture A. Analysis of variance showed that differences between treatments in

20-2
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Table 4. Mean mill yicld, fat, and solids-not-fat percentages Sor cach treatmient
computed from the values for the last week of cach fecding period

Mean mitk Mcan
yicld Mean fat solids-not-fat
Treatment {Ib. fcow/weck) (%) (%)
Coneentrate A 3126 3-68 8-70
Coneentrote B 3097 3:52 8-65
Coneentrate C 3099 3:60 879

milke yictd and fat percentage were not statistically significant. The milk yield analy-i
gave a value for the standard error of & treatment mean weekly yield/cow of +3-43 1L, ez
1-19 of the general mean. On the basis of this low standard error, if a difference between
treatments of 10+ b jeow/week had been observed it would have been regarded as
statistically significant.

The analysis of variance for solids-not-fat is shown in Table 5. There was a significant
group-treatment iuteraction indicating that the effect of treatment varied from group to
group, and a significant variation between treatments. The means and standard errer

Table 5. Analysis of variance of solids-not-fat percentages

Significance

D.F. 8.8, M.S. of F

Total 53 53194 — -
Between groups 5 07321 0-1464 *x
Cows within groups 12 34814 0-2901 *x
Periods within groups 12 06284 0-0524 w*
Treatments 2 01544 0-0772 **
Treatment x group 10 0-2547 0-0255 b
Error 12 0-0684 0-0057 —

** Significant at the 0-01 level of probability.

Treatment means  S.E.M. of 18 cows

Q>

870
8-65 } +0-0178
879

quoted at the bottom of Table 5 show that the mean solids-not-fat percentage for
mixture C was significantly greater than for mixtures A and B, and that there was o
significant difference between A and B.

No significant effects of treatment upon fatness, skin-handling properties, or chest girth
were observed. )

The amounts of food offered to, and refused by, the cows on each treatment are showi
in Table 6. The only appreciable refusal of concentrates was by one cow receiving mixture
B in the last experimental period. She then refused an average of 24 lb. out of a daily
allowance of 10} 1b. of concentrates. Calculation showed that the cows received very
slightly less starch equivalent and digestible protein than their requirements for main-
tenance and production according to the standards recommended by Woodman ().

Table 6. Total amounts of eack food offered and refused

Offered (1b.) Refused (1b.)
~ — N —A - B
Treatment Concentrates Hay Kale Concentrates Hay Kale
Concentrate A 4968 6951 11,340 —_ 191 401
Concentrate B 4968 6951 11,340 7% 149 a5
- Concentrate C 4968 6951 11,340 — 186 383
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DISCUSSION

The resulls of this experiment, showed no significant differences in their effects upon
milk yield between coneentrates containing 1094 of scaweed meals or 839, oatfced and
14 % salt. Although the treatment differences studied were relatively slight, the tech-
nique used was capable of measuring small effects npon yield as shown by the very low
error in the analysis of variance. It is noteworthy that high-yic!ding cows, producing an
average of 45-3 1h. milk/head/day over the whole experiment, were used, and the feeding
records show that they were not overfed.

No significant differcnces in fat pereentage occurred between the treatments, in con-
trast to the conclusions of Dunlop (1), in spite of feeding amounts of seaweed meal which
averaged 1-3 Ib.[cow/day, a quantity considerably greater than was used by him.

1t 1s difficult to account for the significant treatment effects npon solids-not-fat per-
centage. The significant interaction in the analysis of variance indicates that the effect
was not consistent from group to group. Reductions in the intake of energy or protein
lower solids-not-fat percentage(10), and it may be that the small differences observed in
this experiment reflected a slightly lower availability of nutrients from the concentrates
containing the seaweed meals.

This experiment indicates that, in practice, the nutritive value of the seaweed meals is
no greater than that of a mixture of 7 parts oatfeed and 1 part common salt. In appraising
the value of the seaweed meals in this way it should be remembered that the oatfeed-
salt mixture had a starch equivalent of only 39—a low value for an ingredient of concen-
trate mixtures for dairy cows. This result is in accord with the relatively low nutritive
value previously ascribed to seaweed meals by Senior et al. 3), and with the findings at the
Rowett Research Institute,2).

Claims are sometimes made for beneficial effects upon the dairy cow, arising from the
vitamin and high mineral content of seaweed meals, but supporting evidence is lacking.

In view of the cost of collection, the need for artificial drying, the low palatibility and
relatively low nutritive value of seaweed meals, the practical value of these materials in
the feeding of dairy cows appears to be very limited at the present time.

SUMMARY

The relative effects upon milk yield and composition of three concentrate mixtures con-
taining 10 %, of two types of seaweed meal (Ascophyllum nodosum and Laminaria cloustons)
and an oatfeed-salt mixture, have been observed.

Each cow received daily a basal ration of 30 Ib. marrowstem kale and 18 Ib. hay for
maintenance and the first 14 gal. of milk and 3} 1b. concentrates for each gallon thereafter.

No significant effects of treatment upon milk yield or fat percentage were observed.

The milk produced on the oatfeed-salt mixture had a slightly but significantly higher
solids-not-fat content than that on the mixtures containing seaweed meals.

The results showed that scaweed meals have a nutritive value no greater than that of
& mixture of 7 parts oatfeed and 1 part salt, which had an estimated starch cquivalent of
only 39. .

In view of the relatively high cost, Jow palatability and low nutritive value of seaweed
meals, their possible use in the feeding of dairy cows appears very limited.
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of the Sheen", edition 1951, the deily reonirement per herd of
1omhe of one vnnr of age qnﬂ an ~verege weight of 40 »g nre the
followingm:

Ve pm

'D'b"v’mf"[ﬁ]f‘j_“v_-_]_.‘_.............._......_.-“’..10't'ol
T reatible NroteiN.e. e e cecenrecancanssssa,08 to 0. -
Motel of digentible mutrientr...ivesiiiees..0,68 To O, 9 "

In ~ccord with thesr dnte, we fed the animale with ©
ration vahich nrovided only for their ~bristence, hrnrd or TN
proins of sorghum (ver, T, Falo), cokes of linum (30-3% ™7077in)
and ont stalks; the sum of their respective values woo:

!
»

‘DY‘;V mﬂt.l"e,r..lOD.llOOQOIOIU't'.oo...........“".n !"’
Di{tcntibl'e nro.tcj-nl 0 0 @ 2 8 ¢ ¢ 6 80 50 0 s s s s e s OO.OC“ ]t{‘
Towrl of digestible L R e T PRI o P 4 St
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T e e Tian ol annvreed A the wedione of eonnen
1 Do T woAvi A ed o the crwnlementaor dndtvadnet i on rr:
..\-.;.,-\ P A NAL AR ER' s ARSI K My J"(‘l '{"r’l" {‘"1(‘.17‘-"{; nf -"-(‘ﬁ".rr"‘(q . r\}:‘r
L Rele s e ey an P e paschra] s emgnn, vhich i d
IRV REE SRR PRI T Pl r'r\ﬁwr(‘r\(].
My e ed o AT Fheee A ee fevn he erea i Inhle 2,

memT T D

.

Borgo con torta de lino Paja de aveun

Humedasb g®g @ oo 11,30 6,50
Materin seen g o o e 88,70 93,50
Cenizas €8 o e e 4,35 9,38
Jenizas insolubles go/ wen HCLal Hefe L. .. 0,71 0,63
Nitrogeno p®fow oo o oo, creeane 2,74 0,71
Proteinas (N x G,25) g"/o B i e, 17,21 4,4

Extracto etéreo gofom oo o 6,99 0,97
Extracto no nitrogenado gy 0o 0 L. 60,15 8,75

Tod cfrens 2, = Ay matter  3,= aches  4,= incolnble aches
.= Nnitroeren 6.= rroteine 7.= ether extract

= nor-nitvoponeted evitroed

= earghre vith Tinom enle b,= ot steollks

IS s R B
'

The sonwvend naed wag o nrovided by IF”I urvashed and
promnd in foks it wee mived with the v“+10ﬂ° in concentrations
of 100, 200 Amd 30N~ ner der oend ner heed end administered to
crotma 1, 2, oerd 3 vn““nn+1ve1" Groon no, 4 (omn?rol)*waP
oivey 20 o mT hone flonr, nov dby 2nd ner herd,  Since *the ~eeo-
veed de vieh in minernle, tho hone flonr wos added £0 thet A1l
the mntione chonld contrin a ruliicient ~mount of minerels, or
even om evencas nllomine faen, ac %“h.rinmle f?cfor tg he con-
cifrrrd  the mratein 1oval af the retione, wthich 1ould differ
with the cdditior nf coctend, N
o Thr honnr Flnr+» ared in thr fond oF oo~ mo, A oo of the
Follniire rcarnncitiome

oictneae 0.5 Cﬁﬁ
Totnl nehies ot COO7 ﬂ L < [ A O
‘2 ["() p,.( e

'...ll‘.l. « o § ¢ B ® % 7 B s s 2 s s s 2
I"‘Hn11’1‘1(\ Pr'-}'w’“f*-......‘..'......"..'

{.:‘hj,n;.’.ww..........‘...o.;............. /1-' 36 J

_ Do e
-[:1"0'*"}10-"“1”. ® & a2 & & 4 » P 0 & .'0 *® o o B & 0 o a0 ¢ -‘!-',7. I) L{:’I“C
I +ahlrn 2 1rn e cee +he -~ te af the yredinng ono? NMealaly
to whiech the T2 ";‘ch""* e nivifoia crpe enhmddded, econnorine then
with the wv~lveg obtoined £>em Thr come ot g "n Irel snd,

7
¥ the hth o Anvil, 1061, on ~gorcomént wnac made with thoe
Madianal Inctitnte of Indvrekriel Perhnnloer which, smane other
provorml s, inclmdes thot of enmmavtine the invertiection o
suhirrtes fmeh nn thet trested in this wver,



fmrTyr Tz
- .

Mrccy nddms bald o a0 e Aape f'";'."i el ygaTuees Al adinad Fapr
P v e AT ALt g et
Gulway Facultad 1. B AL 1.1 AL
(11 )andy C. k. x N, molidas sin moler
Cenivas g® e oo ol 26,77 a 44,66 36,8 39,4 3¥,8
Nitrogeno total g/ o 00000 L. 1,03 a 1,63 — 1,63 1,41
Hideatos de earhono (como almidony
O — 3,4 5,6 5,1
Fibra cradu g/ g o oo 4,08 a 12,57 7,5 — —_
Extracto etéreo g% v oo ... 1,65 a 2,05° 0,35 —_ —
Acido alginico g " g L, 19,00 a 27,10 21,0 a 24,0 — -
Fucoidina ¢ /v .o o e 15,00 15,2 — -
Laminarina g 0. . . . ... ..., 0,10 4 0,50 0,12 a4 0,52 - —
Jodo g /o {eamo INQ) .. L. 0,12 a 0,38 0,15 a 0,52 -, —
Calcio g " o g (como OC). ... ... 5,30 1,53 1,29 1,27
Magnesio g o g (como OMg) |, .| 5,50 1,29 1,32 1,34
Sodio g/ g (como ONu,)., ..., .., 5,47*" 11,27 11,32 11,05
Potasio g oo (como OK) ., .. ..., 39,40 28,23 26,49 26,49
Fésforo g/ g (coma PPO) L, 5,56 1,60 1,83 1,32
Manganeso mg /@ (como Mn), | - 0,15 0,12 1,00
Cobre (como OCn)ymg g L, _— 1 0,32 0,20
Cobalto g e oo e, - - 0,065 0,063
Hicrro g %o g (como Fe 0 ., ., 0,16 ** 1,11 —_ —
Cloruros g o/ g« (como CINw) ., ., 35,26 " 13,4 14,7 12,8
Sulfatos g9/, g (coma SO ..., 0,86 ** 1,0 - -
Wenrs

i

~ehen ol DL

oy = tot~] nitrogen 3, - ecarbohvwdrntes (starech)

crude fiher 5,= other ortreect 6,= nlpginic acid
feoidine 8,= Iamirerine 9,= indine 10.= crleinm

= meemoeinm 12, = godivm 13,= noterriry 14, = phosnhavme

o onmenesn 16,- corner 17,= cobalt 12,= irTon

em Chlox™ide  D0,= rulfete

O I O DR, RN
e
i1

O

For one veek o the fonr sroune were Fent in their resnective
S?Q71?,_PCOU°TONihﬁ themeolves to the ntmosnhere and the new
diet, ~inre the snimale hed ~luews heem in the field, In order
for them to Tervn to ent the n@”’Tﬁfﬁﬂﬂﬁ, it s néhéeth"v%n>w
nloce, ac an evemnle, an endimel alrendv naed to the Tood §v+o
each bov, The coneemtrations wove administered 5n the mavpine
and the orte in the afternoon. =11 i ghod nvnct]é Pﬁﬁh%“ *ﬁr’
case thet 1eftorers were formd or the {ollawine 55; '%hﬂ” were
romovﬁﬂ- The woterr woan afdminioctered ﬁcoorﬂinqbto %ﬁn VP%fﬁ\Of
the pnimal e omd no Titter wor mode far them, in order to nwrn.
verl the noerihility of their entine i, ,

_ Phe elrnrificntion of the senaweeds nsed vas done acrore
dine +5 fthe method of the Institute, vmder the direction. of
profeccor Oreny T¥Hhnenerin,

*¥ Th~ evtrnetion wrs done with metrol eum cethrr,
*% Throe Ante refer to nmnalveis of asheen,



R N A Tiye twmp b etin ol e [ R LR WA r\'n-t’ ‘rw].-] 'th(\
. E B . - P e A I AR S B ,
pe et e e A l.""ul’”‘. Oy s Ay nl th comct i on Of the
1 eane ot chhyed s co e niat s nene made dpity,  The rodominal
elpenyie g ren N " r“'l‘"}' AR C'“"“h""-("n . R ol on on crmmntr r\,“’;(\‘v’\‘f\'("‘.‘ b4
A A .{_v']:\ o a O A ‘nm‘ T q»,"—!- ~ '&L'h s e g 1 —L o~ d-qn -{;—; ~T h-f‘ -f-]‘ A alalh CrN-—-
Panes ! ol L mfd v e foey o A 3
4 . L PR ]
A

T e e oy o N S N A TE Al ~ jn(,--«,-a{‘(\-y.p-,’», e U ’*”fﬂ""f‘ -hh ~ ﬁ(“j‘\’]‘" Y\’: -

~

ctantian a0 #he capcend etier, end 1 end A houne efterynrds

Antes de raciomar 1 o despuds 4 hotas despuis
Lote n* 1 :
Borrega 16, ......... 101,0 cm 101,0 cw 103,0 c¢m
» 2. 109,35 » 117,0 » 114,0 »
» 2B 105,5 » 112,0 » 112,5 »
Lotc n® 2;
Borrega 1 ... ....... 106,5 » 111,5 » 115,0 »
» 25 oo 109,0 » 111,0 » 110,5 »
» 10.......... 101,5 » 109,0 » 109,5 »
Lote n* 3:
Borrega 28 .......... 106,0 » 112,0 » 109,5 »
» S 113,0 » 119,5 » 122,0
» 20 .......... 113,5 » 121,0 » 116,5
’ 3
Lote n° £ :
Borrega 24 . ......... 102,0 » 104,5 » 102,5
» 14 .......... 100,0 » 106,5 » 108,0 »
» | 5 118,0 » 121,0 » 119,0 »
Yey:
a,= hefore ferdins h,= 1 hovr ofter c,= A honve afior

Tatr: Th~ menenveoepte ere the nvornee of 3 concerutive darrn,
and wore tolen at the height of the unbhilicue,

By meens of a stomach tnbe, rumincl Lienid war prtroanted
bofarn ard after the edminictretion of the rotione, -mad the nl
okl %hﬂ same woo determined, (Tohlo 5),

Mierosconio pnelvees wers meode oF the feecl matter, in order

to Aeteraine *he mrecence o» sheonce of noracites; and fur+hov
t0 abacrve to vhat deeoree the pieces of sepweed ore digeatnd
in the eonrre of their varrore throush the direstive troct nf
the shern,
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M satae e civby Ao aTher dha Bhasinoaine af the avnerioant

2y
The odpnad o vresee ,"f'"“'i noorTen f‘h e dnddsridnndl e Then +h ARG A
At Y et At Sy the Tel 0, Jot et Arre rw’f,r\r’ R oS RataTNRCHN LY L B
w S : w . Lo
rrmran MY A ~d T sle e s e el f’*, vthrve Fhesr wreven TRA A nT e oA
.o . v . . .

or vrirechaed eeanad pantrend Bodn arde n dedieeing vhedtheoss dhe
aviianl e o raeds wonaemcdknaad b ondieg e il dhed v eedkine

( ety ZY et s el A v ah Net vwesrar i ! 1y { e~mrvm A 3 ,
Lol o N ! 4 1! ! L ) .
1v0-~'] A /‘.r\'l\ ER S . ~na e OV\\“ "'l‘t reyo | [EEE T E el +l‘] ~ o+ 1 ~n

AT weadire A7 thn mresdnol 1 ad? AT ot een Do writh oond writhont
- cpetrend

pl it ;

Borregan ne pl (e ayvunast (3 horas después (6 hovas despacs ‘,

' de comer nlgas de comer algs) |
23 (lote 3y ,.,........ 6,7 6,7 7,0
10 (lote 2) .. ......... T4 6,4 6,6

20 Qole 3y ., ......... 7,0 6,4 7,0 i
11 (lote ~1) ,,,,,,,,,,, 6,4 6,3 6,3

hiahis

.= 110, NF 1emb b, nll (on omnty ctonnach) !
C. pH (% hours »fior ecatine cerwend)

d.= pI (6 honrs ofter eating seswerd)

Mote: The rumin~l Timid was extracted throuch a stomach +vhe
without heirge filtered; the vl vas deterrined irmediztely
by the colorimctric method, vring the univergal indicator
of HMerel,

tmen thic leet eymerinent, vhich larted only £ dpye, woso
firished, rll *he cheen vere moted with o ainele rem, in oxder
to enohl e e 40 ohoerve vhot infInence the fond ecdninictered
durine the evnerimont comld hovae hed on the ocenrrence of hert,
the T\h'ﬂphﬂ'}‘onn of v\-nhrwqﬁ-n(\w e, ~nAd or “"'W"[""I'Y";"“;OY\

At *tho beosinnine ond Thn i af the rynoriment, o mode
enelrers of the hemoslobin (Se1lhi method), reconnt oF the vod cor-
nﬂ“OWP“, ard celceimm, ocecordine to the method of Uevenrzi erd
Gersiehmen (9), ﬁho°“h0“U° ncroréing to thn method of oo ond

Sthhnror (9), mapgnesium necovding to Morensi'e noAi Fiertion of
tho BEal e nethod (10), vres nccording {0 the methnd of Amhowd (17
and oF f01~1 n~otein secordine to the methad of Finend e (17).
(See toble 6),

" Rermlts

. 9 : i

Vith resvect to the palatnability of the dried, sround and ‘
unvarhed seoweed, the evneriment vhiech wee mede with grours 3 ond
4 t6 comnlete the tests, confirms that the onimals refure to eat
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i A i e sives Ahen oo thedir anlv fond,  Tn o effeet, +ha eonimelce

refiuce ko et it favm e Tivet 3 deve, even thongh ther heve

ro oiher fand ~yailohls,  Ime tn thic, on the following A~ve,
Frell et i ee ol core meed (pronm 3) ~nd come leaves of -1 A1F0
hoy (rronsn AV ave odaed,  ™hen it con be ceen thot the choen nF

hoth oravee ol veady wvore hmery ofter thae first three dova, fnrirns
vhiech +hev Hove volnnteril ar 'f"ﬁ(*i,(\(‘l ~0o to omerk, hyr ""“fﬂ“l“‘f“ tn

ert the crerend nﬁ“ninlv ~hvﬂv°+n the niccoer of “Oﬁwno” Fra—

the rect of 4hin fond. i ordor 4o nnt only the feeds ond the

2l FA)Fo 1 naves,  On thoe other hend, if the ernwee? 10 mived well
with the ather naletelhl ~ dinpredients, and if it does not correrd

one third of the entirc rrtion, the sheen consume it completelr,
This waco denonctrotrd cleavly during the week of a acclimatization,
before the hesinning of the terts, when all the nnlmaln rmaraced

to congurme o yvation~ af concentrates comvlaterly, thovr~h with
srocter roniditr ceocovdineg to the lescnr o oreoater nercentree of
seawerd in fhem, ‘ -

e dnil> oheaervoations of the condition »nd asmect of the
animel s, oo well re the merenrement of the abdorinel cirenmferconce,
the determinetion of the niI of the ruminel 1immid and the snelreis
of the fTrces, rllow us to confirm thrt the fceﬁvng vith sesveed .
had nn noxious effncte, esrecislly in relotion to the digestive
process,

' Both the measurements of the ahdominal circumference ond the
plI valves of the riminal liowid 2lways hover within the normel
values (cen teobles 4 end 5),

Ve can moke geversl interesting obscorvations concerning
the fecal matter: tho enimales thet consume the secawced dofecete
two or three times more then is normzl, the feces being joined in
clunne and of a shining asncet, though normel in color,

An Squdui of the frces of sheen nos, 10, 14, 20 ond 273
was made thirty dore after the commencoment of fhe t0°... Themr
were Tonrd +o he ﬂTTCflCHlly free of noreciter, thoursh ir the
fecen of nos, 10 end 23 we obrserved = resuler ruentity of vndi-
gested riecer of seowveed,

Al thangh the ~monnt of seoweerd administered contrined in
gonorel movn enzimer thon recommended, nn toric influerce wac
obeerrved,

The weenlte of the hlond eonelraees o be seen in teohle 7,

A1) th~o resvltes obtrined are fourd to he within *he nnaval
lirmite, and trh~ differences obrerved do ot pernit vs to drew
any conclurions concerning the effect vhich the feedirg with
seoweed could hove or their commosition,

The ohvaicnel anrlrreos made of the wnel vhiech was esrovn
bafore ~nd after the adninistr-tion of tho cervned, riclded »n
significent AifFferoncee, neither within nor omoan~ the voriom-s
crounr,

The reemlte of the severp] weighines are choim ir trhle 7,

It c~r he coen thnl rith the eveention of the animsl~ of.
sronps 3, which ate 300 ¢ of senweed mer dry and ner heed, the
othern vnAervent vor 11%I]0 vorictinr of “ow"hT dnring Thﬁ
months of the exnmerin~nt, .I ‘onertheless, piven the rmell omomt of
animale in the nvnerjmont, wn do not helieve it 1o mite nmdent
to drow any definitive coneclurions in thic resmnect, enpecirlly s
the control lot revenled an inerense ~1ishtly erector thon thot
of the grouns thot received neaweed in nn°n+1+1oﬁ of 100 and 200 -~

\




=110

A e oA e haed

Mosnnadine ba hied oo haem cndd nreyionely, the hocde
T A i et meanneoots

'l'-,]h

wrakd oy A dhie Pan Tate gl mvayis
" - .

Toys cohyedoqioen il e theo rannlenentetion with crowood an.

£ et A hee Tahe nonyided o oevire omonnt of nrotoine, ot
mpenet o A Ahe oo, The roenl e obtedined econeeming fhn
G fle e wred cht and the anelvrne o f The wnnl dn nat{ ~nmer > +n

Gl the nreteins dintradneed in othe cenvred hed omrs

(e airet e
iNTIvenas an threp 1wy oenceto econmid o ~e .

TART)/TT‘ 7

Neoplte of the wred ghinge

Peso Peso Gunanein

Aninal n® l"wi(i:;il'i"l R los 30 dias a Jos 60 diax nif”.‘-l‘l\_“m final de pero del Tote
K (kg (kg {ka) en GO dias (kg;
Lote ne £ :
16.......... 32,750 33,750 34,250 1,500
Y 42,500 48,000 46,250 3,750 6,250
23 45,750 47,500 46,75 1,000
Totales ..., 121,000 129,250 127,250
Lote n® 2 : v
... .. ... 35,500 36,750 38,250 2,750
25, ..., 40,500 44,000 45,000 4,500 6,750
10,......... 43,750 40,500 43,250 —0,500
Totales ... 119,750 121,250 126,500
3
Lote n* 3 : .
28, ....... . 32,750 35,500 39,250 6,500
E SN 42,250 47,000 49,500 7,250 25,750
20,......... 42,599 48,5QQ 54,500 12,000
Totales ... 117,500 131,000 143,250
Lote n” -f :
7 S 35,500 36,000 37,250 1,750
| X 37,500 38,000 37,500 — 8,000
... 48,750 50,250 55,000 6,250
Totales. ... 121,750 124,250 129,750

Vey:

a.= »mimal no, h,= initel weight c¢,= weisht ofter 70 dayre
d,— weight ~fter 60 dove  e,= finrsd difference

f,— weirsht o~in of the gronn in (0 deve

However, we chonld conrcicder the following: ot the heginmirn-

of the rvaerinent, the snimels wvere in verv pood nutritior-sl
conditinng thur, it e~rn be sunnosed thet, sinee the besic »otiom
fiven them served only For rsubnicrtence mmrymonen, it ic 1o ie~l
to thin~ thet the veserves which they hed 211owed “thrr Fo ~vors
ony dnficimmeies they mipght hove inevrred dnwing the month~ of



Fhe coaent e Oa g e a3 he cddnd dhet Lhie eopnmt AT
Adeos~libl e vead i n i eh tne coions of ceryend conld heve in-
Fradieed caple o aat have poe o deeicivo infloence, oo prmenren Trom
Theree decfe 00 vep aneTven avand e Sdhe e fInenen on e el
AT SR S et T Y O AT R RIS IRV ﬁ"(' royny] '

O heyi o T ek s dhyr e ahS) g g e rotvral e the oo
e e S B T O R Tie1Ad @ patead T~ /!I‘ (1:'\57‘("_, (3”’_‘_‘_;.‘{7 s rh
B A B B L R R S A Tat Al T ﬁ])“r\'r'vwfs‘l’v-{“' e aheerynt Adneeine
the sevd A /"”‘ r“x:"""t‘\’:':(\‘“‘ vl A1 e v\nvwwr*’]-]‘v

Oarelneinng

T cecoidenes rith Ehe nrivaeivnel ohjectives vhich notive-
:‘tr‘sﬂ Fthon~ cvmeorismmade and $hn pac + o p".'rﬂ _,ﬁ“ﬂ‘»f}(";‘, +the Fol71arriner
acon~lnednne pen e edng

1) The :;:fQﬁ;ff””hT*“ﬁrh“ﬁ wvoricty of reawvend, wavached,
Arind ond preanrd e ant nolotehle 1o the cheop vnless it ie
administornd mivod with other ineredients which nre nelrtnble,
sneh ~g, for eravnlo, oleneinone ceecds and/or egen, CGiven rlone
0™ 3ir a mranprtion ~”ﬂ~tnv then 30-355 in o wetion, it is rofneed
'}w:r +the r*i';r\n'n, ~vrony ooy aoveral {qur« vrithout. (\ﬂ/,j]ﬂ

2) If it ie sdninictered in miontitiecs of 100 “fo 300
ner dermoernd rer hoedy for ot lTerrt 60 deye, mived with comee
treten, it mroveror no digestive shnormeliticc, euech ne onn9+*_
netion, dinmvhen, irdicnction, shnorel fermentetion, ete, Tot-
withetonding, +the fecer ihcrpﬂro in sice ond chengn in penect,

3) ™e sepvend da digested well, fo the most nort, hv
roevlivy all fthe odimel e,

4) Tho D of the muminel Timid, Adeteriired hafare onAd
after the Srnedetinn of the rconvend, reyerle no variectinne of imo
nortenen yhieh fert ~11owes ne tn dedyvee thet their comnoent
miheteoipne dn ot aFfFert the rimen,
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/ THE EFFECT OF FELDING DIFFERENT SEAWEED MEALS
ON THE MINERAL AND NITRCGEN METABOLISM OF
LAYING HENSX_ S '

A . -
By C. ). E. IIAND* and C. TYLER

Three dificrent seaweed meals, Laniinaria cloustont, A scophylhium nedosuin and Laminaria
saeckaidiva, were fed o ponliey in thoec ditierent X[

criments.  In cach experiment levels of
10% and 209, in a basal ration were compared with the basal ration itsell.

When the seaweed was law in energy the birds showed loss in weight or lowered egg pro-
duction or both.  The high clloride intake when the ratiovountuined seaweed resulted in a
greatly increased water intake and a heavy exceretion of both chloride and water, but this did
not appear Lo affect the general hiealtls of the birds.  Changes observed in calcium, phosphorus
and nitrogen retentions and balauces could b explained on the basis of changes in egg pro-
duction.  The seaweeds had no effect on the chemical composition of ¢gg content and shell,
nor on parosity and shell thicknes,  On the basis of these criterip scaweed meals therefore
had no beneficial effects and at the bigher level of 209 were detrimental in some respects,

Tn a further, long-terin feeding experiinent Laniinaria cloustoni (stipe), Laminaria
cloustoni (frond) and Ascophyllum nodosun were fod at le
being given for 100 days.  The results,
detailed Dbalance experiments,

’

vels of 109 and 159, cach level
as far as they were comparahle, supported the morc

Introduction

From time to time the question has arisen as to whether scaweed could usefully be fed to
poultry, and Miller & Bearse,' Sumita, Kuwabata & IMujoka,? Batt® and Black* have reported
feeding experiments with seavweed. The general position scems to he that poultry show no adverse
cffects wher reasonable quantitics are fed : the palatability of the ration may be improved and
there is an increase in the jodine content of the eggr. On the other hand, Lunde® suggested that
the high chloride content of scaweed meal s probably o limiting factor in its use.

As far as the anthors are aware, no balance experiments have hee
containing sciweed meals and it was therefore deeided to e
the balance of caleinm, phospliorus, chloride and nitroy
general data about the birds and their CREss

n carried out using rations
arry out such experiments, determining
en, while at the same time recording more
* Present address Royal ,\gri:':,_?lzsl.'! Coll

e, Cirencester
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~1

Thvee v of sensesd aaesd, nanicly, Lamdiaria Jopstont, Ascophvilune nadosim and

Tamiiviiin cirs marine were vsed sd this paper deals with experiments covering adl three types.

Experipuenild
Biids

Vo Rbade Talind Rl pulbets were obtained fresh from the University Tarm for cach
experiment. The pullets wese inday or just about 16 Iy when put into the cages and the
experiment Toaan whon adbwen Laying vegulacly, Each bird was honsed separately in the usual

type of pootiry e felolivm eage.

Plan of e cvporiveils

Table I shows the plan of the experinants, 107 ;and 202 levels of the appropriate scaweed
being introduced at difforent times with adequate control periods (C) hefore and after cach sca-
weed {eeding period (8). There were thus five periods which have been named Cr1, Sz, C3, S4

and Cs.

Table 1

General lan of 1 covperinients
Period Symbhiol Daily regiue R
Control C1 120 g. of basal ration
Scaweed Sa2 108 g. . . + 12 g. of seawced meal
Control C3 120 &. ,, vs "
Seaweed Sq 96 8., . " + 24 g of " "
Controt Cs 120 8., " :

In cacht case a mineral supplement of of calcium carbonate and o5 g. of sodium chloride was given.
. > 5 g

Duration of the cxpeiiments
The first experiment lasted 7o days, e, 14 days per period, whilst the second and third
experiments lasted So days, i.c., 16 days per period, -

Time of the experimenls
Experiment 1 was carried out in May, Junc and July, Experiment 2 in June, July and
August and Fxperiment 3 in April, May and June.

Ration *

The basal ration used throughout consisted of 39 parts of middlings ; 34 parts of barley
meal ; 18 parts of crushed oats | 18 parts of bran; 12 parts of maize gluten meal ; 06 parts of
fish meal and 1 part of cod lver ol Different consignraents of the ration naturally varied on
analysis but not to a very great extent and Table 11 shows the average analysis for all three experi-

men! In the same table the analysis of the seaweeds is also shown.
Table II
Average analysis of the dvy matter of the basal vation and of the thiree scaweed meals
Basal Laminavia Ascophvilim Laniinaria
ration clonstoni nodosuin sacchayia
o 0/ 1] o/
() (4 .0 /o
Crudce protein 1850 T412 10-25 415
Iither extract 3:02 1-30 10 031
Crude fibre : 8-48 540 350 4-S0
Nitrogen-free extract 6410 37°90 6o-85 72:54
Total ash 515§ 4128 2350 1820
Insoluble ash 053 054 032 021
Caleinm 050 1-21 126 1-48
T'hosphorus 04y 30 032 a13
Chiloride 015 13°82 5:50 595
Moisture 13741 7:20 10-80 818

During the control periods 120 ¢ of the bazal ration were mixed with 5 g. of calcium
carbonade and o-5 g. of sddinm éhloride, and the mixture then made into wernmbly mash by the

et
h
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addition of oo mb of water, This conztituted the daily ration with drinking water ad 7). 1n
the fwo seavieed Lo i peviods of cacly experingent the appropriate quantity of seawced meal

replaced a corvesponding weight of Disal ration, to produce respectively rations conlaining 1o
and 209 of seaweed. The resulting 2o g were then mised with calctum carbonate, sodinm
chloride and water as hefore,  In cach case the seaweed had been dried and ground to pass a
Go-mesh sieve. Laiiisaria cloistons wis given in the first experiment, Ascoplhiyllun nodosim in
the sceend o Lowinaria saccharine in the third,

The food was fed at 950 aan. cach morning and fresh distilled water was given. At the
satvs e fand e waler residies wore « ollected and measured, along with droppings, eges and
feathers, i any. Care was taken to see that adequate drinking water was always available and
records of all supplics were kept. :

Methods of andalysis

The analytical methods for calcium, phosphorus, chloride and nitrogen were, with only
slight modifications, the same as those described by Tyler.®

Other measurements .
p

Shell thickness was .+ =asured on five pieces of true sl " Tyler & Geake?) using a micrometer
screw gauge and the mew.. taken. Porosity cocflicients for the €ggs were obtained using the

“method of Tyler.8

Treatment of the data

Individual daily intake and output values and individual egg measurements were made, and
then the mean daily value for each period, namely, three control and two seaweed periods, was
calculuted for each bird. It was these daily means for four birds and five periods which were
used for the analysis of variance. However, the amount of data is so great that in the tables,
only the gencral period means cach covering the four birds are shown, i.e., bird-day means.
When calculating significant differences the bird-day mean for a seaweed period was always
compared with the mean of the two control period means which came immediately before and
after this seawced period.  Thus period Sz was compared with the mean of Cr and C3 designated
period C;y and period S4 with the mean of C3 and Cs, designated period C,;.

In this way it was hoped to reduce the effects, if any, caused by temporal changes.

Significant differences are shown in the usual way @ N.S., %, ** and ##* represent, respectively,
not significant, significant at P < 0-05, at P < 0-0r and at ¥ < 0°001. '

Occasionally reference will be made to data for sub-periods, each of which represents half
a full period, and also to daily data, but none of these values is given except where they are
necessary to amplify the discussion.

Definition of terms

Relentior. By ‘ retention ” is meant the diffcrence between the intake of a substance and the
output of that substance in the droppings. The use of this term is made necessary by the fact
that the term ‘absorption ’ cannot be used since poultry excrete urine and facces together.

Balance-—The term “ balance * will therefore refer to the intake of a substance minus the
total outgo of that substance including cggs :

ie., Balance = Intake — (outgo in droppings + eggs)

Clearly, retention and balance will he the same if no cgys are laid, and retention minus outgo
in eggs will give the balance figure :

le., Balance == Retention - outgo in eggs

Results
General health of the birds

All the birds in Experiments 1 and 2 remained in good health throughout {he whole of the

experiment. . During control periods droppings were normal, but during scawceed periods they
became greener and also more watery. The watery consistency was caused by the consumption

J. Sci. Food Agric., 6, D(/*.ccmb‘er, 1955
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of Lo quantitios of witer, as will he seon Later, Despile this and the increased intake of
chloride there wos o defertoration in health, '

The same ey be sadd for bivds 1, 2 and 3 in Experiment 3, hut bird 4 was the exception.
She appeared healiby in periods Croand Sz, egy production began to decrease in period C3 and
food consumyption suddenly dropped at the beginning of period Cs and she died on day 75 of the
experiment . A post mortem examination revealed extensive lymphomatosis. Sinee this con-
dition may huve hegon to devilop earlior than was suspected, it was decided not to use the data
for hiev i the statintical inaly s, and thevcfore for E.\]‘)l‘lilll(‘]lt 3 the results refer to-three birds
only. ' : .

Witl rozard o the shedding of feathers, this was only of a measurable degree with the birds
in Experiment 2. H hegan around the beginning of period S and continued to the end of the
expeiinent and may have heen caused by the 209 level of scaweed, or the high temperatures
obtaining during period €3 or o combination of both.

Food intalke

If all the food fed was consumed then the intakes of the constituents under investigation
were as shown in Table ITI. From these values it will be observed that between experiments,
the control rutions showed very litth: variation.  Turther, it is seen thit, in cach case, the
addition of scaweed slightly increased the amount of calcium and decreased the amount of
phosphorus and nitrogen and that chloride values were most affected, a considerable increase
occurring in Experiments 2 and 3 and a very great increase in Experiment I.

Table III
CAmowits of caleii, plosphorns, ehlovide aud nitrogen present in the daily rations (g.)
Ca - r Cl . N
Experiment 1 R -
Controls €1, C3, C5 253 101 042 303
Seawceed 52 107 2:61 005 1-95 2:98
Seaweed Sy 207, : 2:68 0:8g 348 2:92
Experiment 2
Controls Cg, C3, Cs 248 0-g7 046 30
Seawced Sz 102 2:56 0-88 104 2'95
¥ Scawced Sy 209 2:04 0-80y 1-62 2:84
Experiment 3 '
Controls C1, C3, C3 2+42 066 045 319
Seawced Sz 107 2°54 0-88 1-09 295
Seaweed Sy 207, 2-66 a-8o 173 271

With regard to actual consumption, all the birds in Experiments 1 and 2 ate the whole of
their ration cach day @nd in Experiment 3 birds 1, 2 and 3, the only ones to be considered, also

“ate all their food. Throughout cach of the experiments it was noticed thit the birds ate their

food far more cagerly when it contained scaweed, which suggests that it had a greater palatability.

Water conswmption

This is defined as the amount of water drunk plus the amount consumed with the wet {ood,
but, of course, this latter addition is an almost constant quantity,  Table 1V shows the results
and it is quite clear that seaweed feeding inereased the water consumption, the increase heing
significant in all except one case. Further, the increase was always greater with the greater
guantities of seaweed.  The inereased intake was related to chloride content, the Targest increases
occurring in Experiment 1 vhiere the seaweed highest in ehloride was fed.

The liggh value for water consumplion in period C3 of Jixperiment 2 compured with periods
Cr and €5 was almost cerlainly caused by the high temperature prevailing af that time. Tt
should also e pointed out that individual birds showed considerable variidions in water con-

sumption and that one bird reeciving the higheat levels of ehloride actually consumed over

1000 g, of wider on certiin days,

!
~
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Table 1V

IWater conn i for feviod (0. Hovd aneans
Periad Ioxpt. s xpf. 2 Lixpt. 3

Ci 429 450 337

B2 01y 557 434

) 484 T5%3 350

S [S16R1 Gy2 505

s 492 195 373
Sro- Cyy |- 163* - 26 N.S. 4 1%
51 . \;,., I 1 1 TR .14 133* {_ 204***

Live welght changes

The bird means for cliznges in live weight arve recorded in Table V.

Table V
Live woight changes per periad (). Bird wmeans
Period Expt. 1 Expt. 2 Expt. 3
Ct — 42 - 7 — 89
S2 — 71 — 106 — 97
C3 + 57 + 58 + 1
Sy — 156 ~ 120 — 42
Cs + 99 + 84 + 22
Sz — Cyy — 79 N.S. — 42 NS, — 53 N.S.
Sq4 — Cyy — 234%** — 191% — 54 N.S.

In Experiment 1 th “ceding of 1092, scaweed caused a considerable decrease in live weight
but this change was not wignifieantly different from the change in control periods Cr and C3.
Howcver, this was caused entirely by the behoviour of bird 1, and if the values for birds 2, 3 and 4
only were taken then the result wis a highly significant loss in period Sz compared with the average
for period C,,. At the 209 level of scaweed feeding, the loss in weight was highly significant.
This reduction in live weight may be explained as follows,  The ration fed during the control
periods had a calculated starcl equivalent sufficient for maintenance and about 70%, cgg produc-
tion, according to the requirements quoted by Halnan.® The addition of scaweed probably
resulied in a lowering of the starch equivalent. At the lower level of seaweed feeding the birds
generally maintaiged the same level of vgg production as in the control periods (see section on
Egg production) but suffered a loss in weight, whilst at the higher level of seaweed fecding, which
would mean an even lower starch equivalent, the birds showed a greater loss in body weight and
also a reduced egg production.

In Experiment 2, losses in weight occurred in the seaweed periods but only the 209, level
caused a significant decrease. With individual birds the decrease was greater if egg production
was maintained.  The scaweed used in this experiment, Ascophyllum nodosum, also had a com-
posilion such that its substitution for pa? of the ration would probably reduce the starch
equivalent intake, so that the explanation of the live weight changes may be the same as for
Experiment 1.

The results for Experiment 3 shiow (hat althongh losses in weight occurred when scaweed
was given, yet they were not significantly different from the changes occurring in the control
periods.  The scaweed used, Lawmiinaria saccharine, had a much higher laminarin content
(20-597) than the other two seaweeds (0407 and 3:390, respectively) and it may be that {his
seaweed did not greatly reduce the starch equivalent intalke and therefore did not lead to signifi-
cant weight Josses.. Tt certainty did not interfere with egy prodaction as greatly as did the firsi
two meals.

Ege production

The results for Experiment 1 (Tablo Vi) show that the 10°] Tevel of seaweed feeding did not
produce any sigmificant effeet on e production, but that the 2o, level cansed a significant
reduction.  As cngpested i comevion with live weis bt changes, this reductl oy coupled with
~tarel vauivalent of this ration,

weight fosses iy have heen caused Dy the Tow.

J. Sci. Food Agric., 6, Hdcember, 1935
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Table VI

P production per period. Bivd mcans

I’eriod Fxpton ) Expt. 2 ]ixpt.‘_«;

j C 10°50 10°00 13:07

' S GO0 7:50 1133

3 875 7°50 10°07

S 575 475 900

Cs 725 1-75 10-67
! Sz~ Cpy — 63 N.S. — 1.25 N.S. 4 016 N.S.
Sy — Cyy — 2°25% + 013 N.5. — 167 N.S.

In Experiment 2 only bird 3 remained in lay throughout the whole of the experiment, and
generally there was apronounced decline inegg production as time went on. It may be that here
the 207, level of seaweed produced an effect on egg production which for some unknown reason
carried over into the control period Cs, or alternatively there may have been a natural seasonal
decline.

However, none of the differences was significant. .

In Experiment 3 there was quite a high egg production throughout and no differences were
significant. This again supports the concept advanced earlicr that this seaweed with high
laminarin content did not greatly reduce the starch equivalent intake and hence did not interfere
with egg production.

The valucs for mean egg weight have not been given, for no differences were significant apart
from a significant decrease when 10% seaweed was fed in Experiment I.

Calcium

The valucs for calcium retention and balance are shown in Table VII.

Table VII
Calcium retention and balance (mg.). DBird-day means

Period L4  Exptr ) Expt.2 _Expt.3

Retention Balance ' Retention Balance Retention Balance

Cr 1178 — 119’ 1094 + 24 1335 — 139

S2 1068 — 48 879 + 100 1314 — 9o

C3 1046 — 35 Q10 + 82 1308 — 1

St 797 + 126 649 -+ 134 1206 + 123

Cs 933 + 35 429 + 235 1205 + 45
S2 — Cyy — 44 N.S. 4+ 1gNS. —Ja23 NS 4+ 47NS. "— 8NS. — 20N.S.

S4 ~ Cy; — 193* 4 126% — 21 NS, —25N8S. © - 8r1* +4 101 N.S.

In Experiment 1 there was a tendency for calcium retention fo decline throughout the
experiment as far as the end of period S4, and it then showed a slight recovery.  There was,
however, a significant difference when 20%, seaweed was fed, the retention of calcium being con-
siderably lower than the corresponding control periods, The balances were at first negative and
later positive and the balance was significantly higher in the S4 period than in the Cyg period.
Before drawing any conclusions here abont the effect of seaweed on calcium metabolism, it is
important to note that Tyler' has shown that, overa period, there is a close relationship hetween
calcium scereted as shell and caleinm retained.  Since egg production varied in this experiment
and fell in the same way as the calcium retention, it is therefore probable that these changes in
retention were simply a reflection of changes in egg production and Lience in the amount of calcium

lost from the body as shell.  The relationship mentioned above is not such as to produce a
constant bakance and henee there is nothing in the change in balance to negative this concept.
S~ , There were no stgnificont Aifferences for either retention or balance in Experiment 2.
i The wosults for Experiment 3 followed fairl closely on the Yines of Faperinent 1. However,
any changes which didy arise conld he readily explain: T on the basis outlined above.

J. Sci. Food AAgric., 6, December, 1955
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]’/{u\/'w’m, b

Frow thevesohn s e entedbin Table VEHTE bl Bescentbatin ne experiment were there any
sipmilicant e s eitherinctbostion o Talnee, The trends which achdly occurred appea
to have B enired by two wels of circamstanecs, fivstly the lowered intake in the seiweed
periods and nocondly O inereased creretion wesaciated with shell formiation. Both these factors
will decriese retonGon aad the siondt flueetuntions in retention are thns readily explatned.

Table VIII

Plosphories veteation wund balasee (g, Bird-day means
Teriod Expt.a Expt. 2 Expt. 3

Retention Balancee Retention Balanee Retention Balance

C1 83 -2 gz 4 19 8o — 11

Sz 91 }- 22 90 435 73 — 1I

3 0L -+ 30 g5 4 39 99 - 21

54 05 4 a4 2 + 47 83 4 23

Cs 93 + 39 136 1 123 99 + 20
S2 - Cypy 41 NS 4 G NS -~ 4 NS 4+ O6NS —17N.8. —16XN.5.
Sy — Cyy -1 NS, I 19 NS — 34 N.S. — 34 N5 - —I1INS. — 1NS

Cliloride

In the case of chloride it will he remembered that there is a considerable increase in chloride
intake when scaweed is fed, and this must be borne in mind when discussing the results.

The results (Table IN) are consistent for all three experiments. “In every case there was
a highly significant increase in the reteotion of chloride when seawced was fed.  Compared with
their respective cantrols the highier level of seawerd feeding gave the greater increase in retention.
Tt 3s alzo of aterest to note that the retentions in periads €3 and €3 were considerably less than
those in C1, and it would appear that durirg these periods the birds were getting rid of extra
chloride which their tissues were compelled to store in the previous high-chloride periods,

Table IX

Chloride reteition and lalance (ingl). Bird-day means

Period 3 IExpt. 1 Expt. 2 Expt. 3

Retention Balance Retention Balance Retention Balance

Cx 75 o’ 63 Y2 73 — 1

S2 108 - 41 76 + 26 94 + 24

3 29 — 36 33 — 16 14 — Iy

Sy 94 + 51 634 -+ 20 84 + 31

Cs 21 — 32 — 17 — 30 25 — 34
AT - oghEE* bosg** R Yk B K 4 ggxEF B Vi
Sq = Cye 4 GigEEs B N e oqorEE 4 qo¥* N

The balance values strongly support the ideas expressed above, since it is clear that in periods
C3 and Cs the birds went into negative chloride halwce.  All the differences are highly
significant.

The daily values (not given) showed very distinetly that the reaction to higher chloride intake
was immediate, a greater water consumption and a greater ehlovide exercetion occurring at onee.

Nitrogen

It is apparent from the results in Table N that there was a significant fall i retention during
the feeding of both Tevels of scaweed in Experisaent 1 and withe the higher Tevel of feeding in
Experiment 3. Tn the other cases there was also a fall but it was not sigmificant,

The Ladance resalts indicate that none of the vesults was significant and that in some cases
seaweed give an inercased, and in some a deercased, balwee compared with the controls,

Seinweed feeding altered the intidhe of nitrogon in all experiments, bul these changes were
insufficient Lo aecound for the changes in retention, The Jowered retention appears to 1o, in
part, associaded with ln\\',vn-d g produc Gon and f halanee data fend to s port thiss Lossen

-
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Tahle X

Nitvogen retcition and balagce gy, Bivd-day means

Period Pt | AN I Expt. 3
IRetontion Bali o Reterdiom Patanee Retention Baolance
1 Soy |15 Oy 820 — 10
S 057 12 500 748 — 40
3 (S5 B G501 793 417
S 513 4o 350 030 -+ 30
Cs 504 - 213 751 -f- 02
S2 - Oy e - 10 N5, e 11 NS, — 59 N.5 — 44 NS
S - Oy - QoEE 4ogr NS, -~ 31 N.S -- 142* — 10 N.5.

of featliers in sonie instonces vy clovd the dssue but, as with calcium, there appears fo be a
relation Detween retention of nitrogzen and nitrogen in the egg.

Egg comifositio

Itis evident from Table NT ithat, with the exception of one result, the feeding of none of the
three seaviecds af cither lovel of intake had any significant effect on the percentage of calcium,
phospliorus, chleride and nitrogen in the egys content. Further, only in the case of chloride were
the changes ahways in the same direction. With chloride, the content in every case showed a
greater percentage when seaweed was fed, and in one, but only one, case was it significant.

Table XI -

Percentage calciswn, plhosphoins, chloride and nitrogen in egg content and percentage calcimn, phosphorus and
' ’ chloride in sntregen-free shell

Expt. 1
Period ) Fgg content Shell
Ca r Cl N Ca -1 Cl
C1 0001 0°193 o018 1-84 384 017 0074
S2 0057 0192 o Tg2 1-87 38-4 0168 0074
C3 0057 0-186 018¢ 7-84 38-4 0°166 0071
S4 0-050 o182 0201 1-80 384 0157 0088
Cs 0050 0188 0190 1-87 383 0153 0005
Sz — C,, —go002N.S8 40003N.S 40006 NS -+o003NS 0o N.8.  —o0003N.S. }+oooz2NS.
S — Cy 40003 N.5. —o0-005 NS, -Loo12%* 4oor NS Jor NS 0003 NS fooz0*
Expt. 2
Cr 0052 0215 0°1g2 1-88 383 0166 0004
Sz 0:059 02104 0198 1-88 384 0164 0076
C3 0058 0212 0-188 T-9L 383 0-164 0°003
Sy 0050 0211 0-210 1-82 38-3 0160 0085
Cs 0055 0201 0221 1-83 382 0701 0072
S2 - C,, -F0004 N.S. o001 NS, J0eo8 NS, —002 NS o1 NS —o0or NS5 -Loo1j N.S.
Sy — C,,  —oo0or NS fooup NS 400t NS, =005 NS, 40T NS 40004 NS 4ot N5
_ Iixpt. 3
C1 0001 021 0179 1-96 384 0149 0043
Sz 001t 0208 0179 1:97 38-3 0154 0:042
C3 0002 0203 o174 1906 383 )59 0030
S4 0002 0209 0179 197 383 0103 0044
Cs G062 0-207 0174 2071 383 0165 0-038
S2 — Cyy  —o0001 NS —o0o2 NS, o003 NS boor NS -0l NS 0:000 N.S. '} G003 NS,
Sg — Cy 0000 N.S5, " —0003 NS, -lono; NS 002 NS, 00 N.S.  J ooz NS foooy NS,

A similar picture arises when the pereentage compaosition of the nitrogen-free shell is con-
sidered.  Caleinm, phosphoras and chloride vitues show only one significant change, namely, in
an incrcase of ehloride on the 2097 Jevel of seaweed in Experiment 10 However, it should again
be observed that by every case, the shiell ehloride did inercase when seaweed was fedd, o 1 may e
Ceaused by core adventitions chloride Deivg piched g by the shiellon its w o flrough the elonea
when the droppings were vich in chlonde,

!
”~

J. Sci. Food Apric., 6, Decersber, 1950
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Tl e e
shells of ihe o

Cohltorepess iy cnporineent in the porosity od [hickness of {he

Fable WiT

Shoi dieocliee () od paresity octicicnts (ing lossfeqgorm. fdavy

Peiiond Papto Tixpl. o J‘\pi 3
Fhicdones Perosity Fhickoess Porosity Thicknes Porosity
(‘1 307 241 . 30 233 337 174
S 32 2-58 303 2:506 337 171
3 300 2027 307 272 330 1472
S 201 2:58 301 2:78 330 1:75
s 3 2145 305 240 333 I-56
Sz Oy SN Pooreg NS - 3 N.S. 4 orof NS, 1 NS, —o002N.S,
Sy Cy; S8 NS b eza NS — 5 N.S. 4019 NS +2N.S5. 4 o011 NS

Long-terne fooding cxperiniliil

Having estabilizhed \ul.il“ facts by means of balance experiments it was then decided to
run an experimentwitlomore birds and for alonger e, This experiment will only be described
bricfly. _

Group-fecding (ricls are not very Q;}tiaf;u‘tury hecause there is no control of individual feeding
and the interpretation of the resnlts is not casy.  The experiment was therefore planned as a
randomiscd bleck using four Dirds {I\luwlc Istind Red 3¢ Light Sussex) as replicates for cach of
four treatments. Part Iof the experient Justed 1on days during which time Group A received
the control yiadion (330 ¢ of Ty er’s masly, 6-5 go of caleium mrbm.a*c 0'6 g. of sodium chloride
and roo ml of waler); Group D had 13 g0 of Jayer’s mash replacod Dy 15 ¢ of Laminaria clowsloni
(stipe), fe., 10U scaweed. Sm.xhrl_\r, Group Creceived 109 Laminaria doustoni (fromd) and
Group D 10", of Ascoplivilim nodosion. In I)‘ll'f IT ofthe (xpemmm the control birds received
the same ration as hefore but the othiers now received 1397 seaweed,  The analysis of the basal
ration and the three seaweeds is given in Table NTIL

Table XIII

Andalysis of the dvy wsaller of the basal raticn and of the seaweed mcals
p %

Basal Scawced meals
ration B C D
% /ll) 41 (%,
Crude protain 19°4 100 74 91
Lther extract 406 o5 05 2+3
Crude fibre 71 10°3 57 T 40
Nitroges-free extract 637 434 663 57°X
Total ash 52 310 201 27'5
Insoluble ash 04 1-0 09 o5
Calcinm 075 1-78 1-64 1°58
Phosphorus 1-03 o027 017 o015
Chloride o018 1004 658 508
Moisture 11°3 10:6 113 12:0
Starch cquivalent 656 e —— -
Digestible pratein 139 — -

Seaweed meads Lamisn lea eloasion? (<)

l)
C o Lamivaiia clouston! {frond)
D Ascophivilin podosiin

All the birds were individually fod once a day with accurately weighed quantitios of food,
and daily water consumption and ege produetion were recorded. Liveweight changes over the
periods were also noted. The routine was similar o the balunee experiments except that
droppings and eges were not anabyso o Resalts are shown in Fables NIV and XV

The results were analysed stotistic .xlly for Parts Tand 1L of the experiment separately an:t the
main fnding - were as folowe :

J. Sci. Food Agric., 6, Decembicr, 19535
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ey to he affected by Fecdings scawesd and ther

hoth privls of the experimient, whereas
. , st both Tevels of feeding when compared with
oot (frondy and eeoploalin nodesune did nol show significant

Jossrs o0 N v Lot the oy Tevel bt did =0 at 15% (T;\l)]v NTV).
Ao NG ol e s b denifieantly affected ey production at either Tevel of feeding
(1 Nl NA
Table XIV
Vive-wciclt chavges i the individual birds (g
Part T: 10% cenweed
Bilock Treatiment o
A B ' c D
1 A a7 = 33 - 79 — 153
2 Ty — 113 — 81 - I
3 + 187 . —T0m + 125 4+ 32
4 by - 101 + 95 179
Mean + 147 — 102 + 15 4 14
Difference B - A —240**
C— A — 132 N.S.
D — A — 133 N.S.
Part 11: 13°, scaweed
Ilock ) Treatment v
) A ' B C D
1 4177 — 1G0 - I15 + 0
2 - 20 — 137 -+ 48 -— 258
3 -+ 101 — 32 — 175 —— 280
4 + 175 -+ 39 + 1 — 180
AMean 4118 — 8o — 6o — 177
Difterence B = A — 1g5*
s C—A — 1%78*
D - A — 2g35*%*
~
Table XV
Total cge production per bird
Part 1: 710%, seaweed
Block i Freatment
AT BT C D
1 73 04 79 69
2 70 82 85 62
3 78 &1 87 77
4 71 6y 74 72
- Mean 75 74 81 70
Difference B -0 A — 1 N.S.
C— A +4- 6 N.S.
D — A — 5 N.5.
Part 11: 15%, seaweed
Block Treatment
A 1 « b
! 15 42 63 48
2 67 X 03 27,
3 70 J0 76 73
1 71 50 68 72
7 N ) Mean e 03 07 55
Ditference T A -— 3 NS,
¢ A " 4 1 NS,

noA

— 11 N5

J. Sci. Food Agric., 6, December, 1955
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Table XV1

Mear ity wiler cens iz Jiwr Divd ()

]

Part 10 507, seaweed
Blol: ) Treatment
A IH C b
1 314 431 514 386
2 371 405 434 50.
3 260 474 38t 381
4 312 417 450 409
Mean 322 432 452 420
Difference I - A + 110*
G A 4 130%*
Ly~ A + o8*
Part T1: 159 scawed)
Block ) Treatment * .
A L < D
1 410 598 604 518
2 429 533 567 404
3 305 00On 592 552
4 332 582 0634 ] 681
Mcan 360 500 599 : 554
Difference B - A - 227%*
C -0 . -1 230%%
D—A ) i 4+ 185%*

Conclusions

Irom the halance expeviments it is apparent that none of the seaweed meals considered
produced any positive resuits of value, although Lawmimaria saccharina showed no detiinental
effects.

The chief disadvintage under the condition of these experiments seemed to be that, when
Laminaria cloustoni or Ascopliylium siodosuar was fed, the bisds were veceiving less energy than
was contained in the normal ration. Thus the birds tended to lose weight or show a fall in cEg
production or both, depending upon the type of scaweed and the tevel fed. The high chloride
content of all three seavweed meals caused very heavy water consurnption and heavy excretion of
water and chloride, hut neither this nor any other factor appeared to affect the health of the birds
although it cannot be ruled out that the high ebloride content of the seaweed meal may have had
some adverse influcnce on live weight and egy production.

Any changes which woie observed in the calcium, phosphorus and nitrogen retentivn and
balance could generally be explained on the basis of changes in cgg production, whilst the seavweed
appeared to have no effect on gy content or shell compaosition, or on porosity or shell thickness.

In the Jong-tern experiment, all three seaweeds when fed at the 15% level caused live-weight
losses, agaiu probably owing to an insufficicncy of cnergy, but at the 109 level only Lainaria
cloustoni (stipe) caused live-weight Tosses,  There wits no olnvious effect on health or cgg produc-
tion.  However, the chloride content of the seaweeds caused considerable mcereses in water con-
sumption and correspondingly watery droppings. Thus, with regard to the points where the
two sets of experiments are comparable, they seem {o be in very good agreenent.

It may therefore be stated that 20 and 15° seaweed are too high levels for fecding, hut
that 109 appears (o he safe, althongh i does not bestow any =pecial advantage upon the ration,

It should, of course, be pointed vut that our inferest was chicfly in the mineral metabolism
of the birds and that, under commic:- il conditions, these particular types of seawesd would
probably not have been fod; and even if fed, they would not have been given in this way.,  The
Indings therdore refee specifically to the experimental conditions itnposed.

J. Sci. Food Agric., 6, Decembeor, 1955 .
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The Effect of the Ingestion of Marine Algae
on the Thyroidal U»ntake of Iodine-131

Shiro Iino, Kunie Matsuda, Jun Ishii, Minoru Irie, and Kazuo Shizume

Okinaka Internal Dept., School of Medicine, Tokyo University
(Prof. Okinaka, Head)

Marine alerae contain a relatively large amount of iodine. Con-
sequently, when they are ingested in large guantities, it is quite
conceivable that the thyroidal untake of radioiodine would be
lowered. However, there have been no reports of investigations
concerning the degree of suppression of I-131 uptake with respect
to the type and amount of aleae ingested and the period of ingestion,
or the recovery of untake after suppression when algae ingestion is
terminated. At any rate, marine algae such as Laminaria japonica
[tangle], Undaria oinnatifida [Wakame], and Porphyridia [laver] are
ingested by many neoovle in Japan as an everyday food stuff. There-
fore, it seems very important to know the degree of the effect on
thyroidal untake of I-131 by these food stuffs in order to determine
T.131 uptake.

The authors carried out some investigations concerning this
point and the results are reported here.

Research Method

According to Iwatal), the iodine content of dried samples of
marine algae ranges from 0.17-0.55¢ in Laminaria, 0.02-0.11% in
Undaria, and 0.004-0.04% in Porphyridia an? organic compounds account
for 60 to 80%. Also, according to Kimura</, 98-99% of the iodine

is absorbed from the digestive tract when ingested.

The authors selected scraped tangles as a sample of high iodine
content and baked lavers for low lodine content for the convenience
of accurate administration of daily amounts to subjects. These
algae were ingested by the subjects for 1 to 14 days, and the 24-hr.
thyroidal uptake of I-131 was measured before and after algae
ingestion. The scraped tangles contained 0.31% iodine and the
baked lavers had less than a 0.03% iodine content. Furthermore,
when the I-131 uptake of vatients was measured, we frequently noted
that markedly lower values of I-131 uptake occurred as a result of
the patients' ingestion of laminaria during the several days pre-
ceding the test. Thus, in such cases, ingestion of lLaminaria by
the patient was immediately stopped, and the subsequent recovery in
I-131 uptake was studied by daily measurements.

For the measurement of 24-hr. thyroidal uptake of I-131, a
directional scintillation counter manufactured by Kaken [the Institute
of Scientific Measurements - trans.] was used at a measuring distance
of 20 cm. 24 hours after oral administration of 10 microcuries of
I-131. When the distance, between the skin of the neck and the
front of the counter was set at 20 cm., the error due to the shape
of the thyroid becomes large. Consequently, reliability with respect



to the absolute value is reduced. However, the value is sufficiently
accurate for following the relative change in uptake by performing
repeated tests on the same patient. Thus, 10 microcuries of I-131
was sufficient for one dose: these facts justify the use of this
method. Furthermore, in the case of the second measurement of
uctake, as the I-.131 administered for the first measurement was
still present in the thyroid, the remaining I-131 in the thyroid
was measured immediately before oral administration of the second
dose of I-121. Assuming that the I-131 measured at this time
remains without being excreted at all even after 24 hours, the
second untake value was determined by subtracting the value obtained
by multiplying the oreadministration count by 0.92, the physical
damping factor during the 24 hours, from the 24-hr. count after the
second I-131 administration. Actually, thyroid hormone with I-131
is being secreted a little at a time from the thyroid. Thus, the
damping factor after 24 hours is believed to be less than 0.92.
However, the actual values are believed to vary in individual cases,
and even when the physical damping value is used, the difference in
values was considered small during the 24 hours. Thus, the calcu-
lation was done in this manner. ‘

Experimental Results

1) The effect of the ingestion of tangles or lavers on the
thyroidal uptzke of I-131 in normal man

7 to 15 g of scraped tangles per day were ingested by 8 healthy
milesand 2 healthy females around 30 years of age for 1 to 14 days.
The 24-hr. thyroidal uvtake of I-131 was measured before and after
ingestion. The results are shown in Table 1. Incidentally, 7 to
15 g of scraped tangles are equivalent to 1 to 2 bowls in soup form
which is approximately the amount used in a2 normal diet.

Table 1 Effect of tangles on thyroidal uptake of I-131 in
normal man

L d € g,
lr.» }/1 i ¥ . ,lnl. v/l,’//m_ , " '“ , . . ".“ } L, 7"|| [
I RS TR I N N L i-?.ib'-‘ii-.’{.:: 7
DKM 4 iﬂfii, IUHHA/’4iIﬁ’ 134, 159, G970 162, 005
MLTL 2 24 15 M 16 16 . 4106 (1201155
Y.F. g 2 14wt 16 16 ’ 3.8 10 (9155,
S.1. 4 249 12wt 17 21 3.6 21 (61
K.S. 4 44 12~ M 18 20 ‘ 3.5 45 6111y
A O 2 24 7«14 19 6.6 17 (74i%)
: R . . 3 ) 9.2(8 111
H.W. 4 24 16 x4 18 5.1 91605 115

T .M 2 7 7100 xl 11 4.2
4

-3

10
10

%1

s 1

20 3.5 1%
39 2.0 11

(3

(O 1
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{
Table 1 notations: a: name, b: sex, c: age, d: amount of tangles,
e: 24.hr. thyroidal uptake of I.131, f: one month before ingestion,
g: immediately before ingestion, h: immediately after the termi-
nation of ingestion, i: recovery condition after the termination
of ingestlon, j: 28 years old, k: 14 days, 1: --days after.
!

The reéults, shown in the table, confirm that I-131 uptake was
marxedly sunpressed even by the ingestion of 10g of tangles only
once. However, even when 15g was ingested daily for 2 weeks, uptake

was found to return to the preingestion value after about 2 weeks
from the termination of ingestion.

Nexty 1.2 gm (3 sheets) to 3.2 gm (8 sheets) of baked lavers per
day was ingested by each of 4 healthy males and 1 healthy female of
about 3C years of age. The 24-hr. thyroidal uptake before and after
ingestion are shown in Table 2. In other words, no effect on the
thyroidal uptake of I-131 was found within the range of ingestion
of lavers shown.

Table 2 Effect of laver ingestion on thyroidal uptake of I-131
in normal man

A b %c %cl EemyHﬁ“”u"
L5 M LY o W e e e T
S T o s vt i e ina o d
Y i s
K.S. | 3 | Sﬁjif 1.2gm x 2] <A 180, | 20,
.8 $ | 31 0 3.2 x6 % 8
H.T. 4 ! 27 1 2.8 x4 13 [ 17
KAl |3 boaj t 2.8 x4+ » W
T B A RS ¥ 25 1 ag
naL Lo o L2 x4 10 ; 18
Y.XL L m 28 a1 I T

Notations: a: name, b: sex, ¢: age, d: amount of laver, e: 24.hr.
thyroidal uptake of I-131, f: immediately before ingestion,
g: immediately after the termination of ingestion.

2) The effect of tangle ingestion on thyroidal uptake of I-131
in exovhthalmic goiter patients

10 gm of scraped tangles per day was ingested for 4 to 5 days
by each of 4 patients suffering from exophthalmic goiter. The re-
sults are shown in Table 3.

As shown in this table, the thyroidal uptake of I-131 markedly
decreased. However, it was found that the low value gradually

returned to the original uptake value by two weeks after the termi-
nation of ingestion.

3) Changes in the thyroidal uptake of I-131 in patients after the
termination of long-term tangle ingestion



The 24-hr. thyroidal uptake of I-131 was measured in 5 out-
patients who had been ingesting tangles for a very long period of
time. As shown in Table 4, low values were observed in all cases.
Thus, changes in I-131 uptake were followed after the termination
of tangle ingestion by these patients.

Table 3 Effect of tangle ingestibn on 24-hr. thyroidal uptake
of T-131 in exophthalmic goiter patients

a 6 e | % € R PRI 4

I T I O L It
l | i . I!'l\ .rl i llijl (‘{E‘h”“l:Lll'iI\‘l:&: -

. T . P o YT ey T D)
(S I N R ) l EUCH Rt D
C.M. T : 0 6 75 E 13 ‘55 (7D I '

. B ] i N R = -
U . _ 24T
VAL Loy e x ! 62 E N

. ; L i - ' ’ R ’ ey,

N U R S T LA B U RN T g o CTHR),

PRBEEY KN TR

Notations: a: name, b: sex, c: age, d: amount of tangle ingestion,
e: 24-hr. thyroidal uptake of I-131, f: immediately before
ingestion, g: immediately after the termination of ingestion,
h: recovery condition after the termination of ingestion,

i: days, j: --days after.

Table 4 Changes in the thyroidal uptake of I-131 after the
termination of long-term tangle ingestion by patients

“ b gt 4 Y AT 240 R
R B N N N Ol 7 T S e Sl o
| : it letw 2 Vs if4 M
i U e ST [T T e e
T I ST M A A A N
M, L e | s o - )[R 0 | e ] 30
I R B OemU{ -4 &1 T § - .
s, Lw bos fiowomo RIS S] 8.0 22 3825
Kos. | g |25 Ausesem s 82 o0 | 51
I i e — e — e - [ L SO
T T TR T T N ks e - x
1. | 5 el ! S 18 | 7asn®

-

Notations: a: name, b: sex, c: age, d: years old, e: 8 months,
f: disease, g: exophthalmic golter, h: neurosis, i: goliter,
j: exophthalmos, k: normal, 1: amount of tangle ingestion,
m: more than 20 gm/day for 9 months, n: more than 20 gm/day
for 3 months, o: more than 10 gm/day almost every day for 10
years, p: 4 gm/day, 3 days/week, for approx. 2 years, q: a tea-
spoonful of seaweed drink per day for 8 months after birth,
r: 24.hr. thyroidal uptake of I-131, s: immediately before
the termination of ingestion, t: 1 week after the termination
of ingestion, u: 2 weeks after the termination of ingestion,

»
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v: 3 weeks after the termination of ingestion, w: 4 weeks after
the termination of ingestion, x: 18 days after.

™e to the various circumstances of the patients, it was not
possible to follow the changes for a sufficlently long period.
However, from the above results, it was found that the thyroidal
uptake of I-131 recovered considerably after two weeks.

Discussion
According to Beierwaltes, et 51.3’, ingestion of over 1 mg of
inorganic iodine has thg)capability of lowering the thyroidal uptake
of I-131. Kchn, et al.”’ also observed a decrease in thyroidal
uptake of I-131 in normal subjects after the administration of two
vitamin tablets containing 0.5 mg of inorganic iodine per table for
5-9 days. It appears that the thyroidal uptake of I-131 can be
lowered by a smaller amount of inorganic iodine in patients with 5)6)
hyperthyroidism than in subaﬁcts with a normal thyroidal function”’~‘.
According to Childs, et al.’//, this amount is 0.1 mg or more. The
scraped tangles administered by the authors contained 0.31% iodine.
If we estimate that 20% of it is inorganic iodine, the ingestion of
10 g of scraned tangles would mean that 10 g x 0,0031 x 0.2 = 5.2 mg
of inorganic iodine and 10 g x 0.0031 x €.8 = 24.8 mg of organic
jodine are being ingested. The metabolism of the organic iodine
contained in marine algae within the body is unknown. However,
it is conceivable that some parts of it are converted to inorganic
jodine. Consequently, the ingestion of 10 g of tangles may result
in the ingestion of more than 6.2 mg of inorganic iodine. Thus, it
is considered only natural that the thyroidal uptake of I-13l is
suppressed. On the other hand, in the case of ingesting 8 sheets
(3.2 g) of baked lavers, the total iodine content is less than
3.2 x 0.0003 = 0.95 mg calculating the inorganic lodine content and
assuming that all of the organic iodine is converted to inorganic
iodine. This is probably why no effect was found in the thyroidal
uptake of I-131 in normal subjects. However, in the case of patients
with hyperthyroidism, there is a possibility that the thyroidal
untake of I-131 may be suppressed even by the ingestion of lavers
at this low level. In Japan where such marine algae are used in the
daily diet, it seems necessary to ‘pay special attention to this
point in testing the thyroidal uptake of I-131. There are reports
stating that the 24-hr. thyroidal uptake of I-131 is frequently 56
or at times 1% in normal subjects in Japan. It is suspected that
among these reports there may be some cases where the low values
were due to the ingestion of seaweeds during the 1-2 weeks prior to
the tests. Incidentally, the results of tests of 54 normal subjects
where the measurements were made with special attention to this
point, the values varied from 9.3 to 42.5%.

In addition, regarding the number of days in which the effect
of ingestion of seaweeds remains after the termination of ingestion,
the results are probably influenced by the amount and period of
ingestion, and the reactivity of the patient. We were unable to
investigate this point fully in this study. However, based on the
above-mentioned results, it is believed that even though a very

5



large amount is ingested for a fairly long period of time, the I-131
untike value recovers considerably in the two weeks after the termi-
nation of ingesiion. ZEspecially, even in the T.S. case where 10 g
of tangles wer day was ingested almost every day for 10 years, the
thyroidal untake of I-131 recovered tc 33% 4 weeks after the termi-
nation »f ingestion. It can be said that this indicates that even
the effect resulting from long-term ingesticn disanpears in a
relatively short veriod of time after the termination of ingestion.

Conclusions

1. The effect on thyroidal uptake of I-131 due to the ingestion
of marine algae was s*udied.

2. 7-1% g of scraped tangles per day (0.31% iodine content)
were ingested by 1C normal subjects for 1-14 days. As a result, a
marked decrease in the 24_hr. tnyroidal untake of I-131 was observed
in all cases. This low value was found to recover to the pre-
ingestion value in the two weeks after the termination of ingestion.

3. “hen 1.2 ¢ (3 sheets) to 3.2 z (8 sheets) of baked lavers
ver day (less than C.03% iodine content) were ingested by 7 nomal
subjects for 2-14 days, no effect on the thyroidal uptake of I-131
was found.

4. When 10 g of scraped tangles per day were ingested by 4
ratients with exophthalmic goiter, the thyroidal uptake of I-131
was markedly suppressed in all cases. It was found, however, that
the uptake returned almost to the pre-ingestion value in the two
weeks after the termination of ingestion.

5« In the 5 cases of patients who reported a long-term ingestion
of tangles, and demonstrated low thyroidal uptake of I-131, the low
values were found to recover considerably during the two-week period
after the termination of ingestion.

5. Based on the above results, it seems necessary to pay special
attention to this voint in testing the thyroidal untake of I.131
in Japan where such seaweeds are used in the daily diet.

In closing, we would like to express our deep gratitude to
Professor Okinaka for his guidance in this study and revision of the
article. We are also grateful to Dr. Iwao of the National Institute
of Nutrition who kindly messured the iodine content of marine algae.
Also, we are indebted to the members of the Department and the
research assistants who assisted us as study subjects.
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HOW WE CAN UTILIZE CUR SEAWELZD MASSES FOR FODDER
Gulbrand Lunde

The utilization of algae has assumed in the last year a
role not insignificant for fishermen. Algae was burned to ash,

a part of which was exported and a part used here in our country.
For this purpose algal ash production used, for the most part, a
floating algae which was brought in large masses from the beach
and burned. The price of seaweed ash was so good that 1t pald
for itself to cut the algae, which was then dried and burned to
ash., The export of algal ash in 1932 was nearly 5000 tons, and
the value of iodine- and algal-ash export in the same year
amounted to 1,370,000 crowns (about §195,714). After the price
of iodine fell and with it as well the price of algal ash, this
industry was profitless and fell off. It was also necessary to
find compensation for the coastal population for thls loss, so
an investigation of the utilization of seaweed andvalgae was
begun.

The studie; have covered both attempts which aimed at utillz-
ing the seaweed industry and those on how seaweed and algae could
be better used as fcdder.

Seaweed and algee have heen uséd as fodder and are needéd
even today as an auxillary feed in various places along the coast.
In relation to this, observe the name plg seaweed. Seaweed 1s
sliced and soak%g with warm water to remove part of the mineral
salts before giving 1t to the animals. This is called deadening
the seaweed. That quantities of seaweed in the fodder have a

good effect was known early lin Norway.

Tek. Ukeblad 861549-53, 1939. -




Cur most import

We classifv seaweed
algae, red algae, and br
in such great cuantitles
large amount as fcdder.
brown algae. Trown alga
algal specles and seawee
shallow water and a larg
The most important seawe
significance as fodder m
also commonly call saw s
or hubble seaweed. Ther
also called plg or hud s
perennial. The new leav
which in this manner gra

these seaweed specles th

as fodder more than the

2
ant seaweed and algal specles

specles into three main groups: green
cwn algae, (Cnly brown algae are found
that we can speak of gathering them in
We shall therefore speak here only of
e can be divided 1Into two main groups:
d gpeclies., C(Of these seaweed grows in
e part stays dry therefore at low tilde.

ed species which would have practical

eaweed, as well as Fucus veslculosis

e 1s also Ascophvllum nodosum which 1s

eaweed. All these seawsed specles are

s grow from the top of the old stem,
ually becomes longer and longer. Cf
saw and plg seaweeds have been used

thers. The bubhle seaweed contains

aterial 1s Fucus serratus which peDofle

matter which affects welilght reduction.
Algal species grow in deeper water. The most important

ones are Laminaria digltasta or finger algae and Laminaria

cloustoni, which 1s cAllLd great algae. Algae specles are
several meters long. They grow in deep water and often stand
like a whole forest beyond the coast. The leaves are annual.
They grow from the top of the stalk in the winter and shove the
old leaves in front of them. The o0ld leaves gradually wilther

and fall in the spring of-the year.
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anctrer imneriunt 2lgal species 1s lamlnaria saccharina,

<

whieh 1= ¢lsc wors fhan a meter long and looks 1ike 2 pleated
leaf, Thiec 2l 48 utumi.y w.1lel suger wlpe lecstEe vhen it

dries, 2 viite muterial seoarates cut on the surface, which
tastes swoot. oo o aindl 1s wmannitol.
Mrally ad.riz oo e mentioned, which is also call=d

cattle 2l cwe, It 1e n anrual, narrow, pleate: leaf, czwcral

ok

meters leng. I0t Yooine to o 2l in the winter, in November-
December, ~vrvrt fo TUn1 ocirs in tho spring, Aprll-lMar, and there-
after Tegins to wither. In the suer only the remnante of the
stalk are left.

It is the great alga which forms the maln quontity of
drifting alcae.

Seawesd and algae have entirély different compositions frem
land plants, and are consequently also entirely differently
structured from Ehe fodder material usually used. Since the
large leaves of the algal specles are annual, we can antlcipate
finding a larﬂa variation in algae composition. We also find
these variations 1in seaweeds, but thé stpucture of these 1s much
more constant and varies less during the year. It 1s character-
istic of hoth seawsed and'ﬂdgae species that the ash or mineral
matter content is hlgh. The mineral content in dried seaweed and
algae 18 between 15 and 40 %. The rest is made up of various
organic substances which are only partially identifiable. The
most important and best known of these subhstances are algin,
lamienrin, and mannitol, which are all cartohydrates. Tesldes

. tipes of
these known carbohyvdrates are found some feydnitrogen—free



extractlve matter whose composltion 1s not known and which today
we have no sure method «f determining. The contents of these
unknown sutrstances 1s hicher irn seaweed species than in algae.
Ssaweed and algaec alsc ccntaln n%?ogen-containing substances
which we may call protein. The ccmposlition of these proteins 1s
sti1l unknown. Lilewlss ceaweed contains fibvers, or cellulose.
Thls cellulose 1s little <ifversnt from cellulose In land plants.
Furthermore, seaweed conta2ins various plgments and vitamins.

If we consider the croanic materlals, then aigin above
all characterizes the seaﬁeed and algae specles. Algin 1is a major
Ingredient in brown algue. algin itself 1s insolutle in water,
but some of the salts such as alkall or magnesium salt are water-
soluble, Laminarin 1s'made up of glucose in the same way as
starch and it is in actuality the seaweed'®m starch. Laminarin
18 the algae's food store. Since IﬁEﬁnarin is chposed of the
same basie compohents as starch, we must take 1t for granted that
it i1s extremely valuable as a feed material. Algae are viewed
therefore more valuable as fodder the higher the laminarin
content 1s. It 1is of the zgreatest significance for a rational
use of algae as a fodder thét it he harvested at the proper time,
when the laminarin contsnt 1s highest.

Another characteristic component of algae 1s mannitol.
Mannitol 1s a hexavalent alcohol which resembles varietles of .
sugar and tastes sweet. The mannitol content was determined by

- using its property of rotating polarized light in the presence of

arsenite,

!
-

As has been mentioned, we find that seaweeds have a composi-
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tlen differcat Tren that ¢f alrae, We Pind atove all there
are no reat varitlens in cceomposition. The algin content is

1

about *tre aanme a

53]
s
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algie. Cn the other hand laminarin and
mannltel econtonts nre Ilow and comparatively steady the whole
NEXS

~

It iz =ls¢ o int:peét to ohegrve the vitamin content in

>

seaweed and =21gze., Viitanin A cccurs as carotene. Carotenc

content 1s 2'out 1CC m-/ke.  'Us have alsc determined the content
of B-vitamins in eserwesd species. In the al-al genera Fucus and

Ascophyvllum, carotene ccntent is hizher, up to 300 mg/kg. Ve
have alsc determined the content of E-vitamins in seaweed
specles. In Laminaria saccharina and ilaria we found about €0-
75 I.U. vitamin Fl per 1CC g fresh seaweed, which corresponds to
3C00-4000 I.U. per kg dried . 1In other seaweeds the content was
somewhat lower. The vitamin Rg (ritoflavin) content in Laminaria
was €-1C mg per ﬁg dried laminaria. 1In other algae we found a
higher value. Vitamin C content was just the same both chemically
and blologlecally., Fucus specles contained the most vitamin C,
about 20-60 mg/100 g, hut we have found values even more than
10C mg. Vitamin C content in these seaweed species is consequently
ahout the came as apple julce. ¥e have also iInvestigated the
extent of vitamin D content in secaweeds, bhut it is known thzat
the quantity in this case 1s so small that 1t has no significance.
It &8s still possible that seaweeds may contain provitamin D.
Studles of this are in progress.

It 1s the particular content of carotene and ritoflavin in

i

seaweed that has significance. These vitamins are the most



stahle. C(Cne can calculaste that vitamin P, 1s in part destroyed
In drying the ssawesd and that vitamin C content 1s just as
greatlr reduced. Vitamin € content therefore has 1little import-

anece for aemestic animals,.

|6

Dlgeetinhility cof alcae and crzanic compeonents in seaweed

Seaweed and ﬁjgae meal are reco-mended as additions to feed
concentrate nixtires and 1t is reported in most accounts that the
least additicn of seaweed meal has a favorahle effect in varying
proportions. %hat 1s however of prime interest to us 1is to see
what value the organic matter has in algae as fodder. Algae
meal ltself 1s only added to fodder in minor amounts; it will
nevertheless he of significance to see how large a fodder value
can te calculated. Algae and seaweed meals have so widely
Giffering a colposition from ordinary fodder substances, that
one can assume ﬁhat the fodder value cannct be calculated in the
usual manner. The most 1mportant question 1s to investigate
whether the organic matter in seaweed can on the whole be digested
or used by organisms. This question can hardly be solved
by practical experiment. However there 1s the great difficulty
that in such an experiment, one may give the experimental animals
a comparatively large amount of seaweed meal in the feed, Since
the meal has so high a mineral content, and ia particluar, a high
iodine content, one can expect that 1t would act to disturt the
organism and thereby glve deceptlive results to the study. Cn the
other hand seaweed meal/is in its composition and structure so

-

different from the fodder animals are accustomed tq that one can
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expect that 1t may take a comparatively{ong adaptatien period
for the algue fodder to he utilized as much as possible. A
study examined horses in France and the study which we undertook
hag conflirmed this.

However 1in order to ohtajn an overview of this question,
we have chosen to study disestlbllity of each single component
in seaweed meal, and we have attempted to separate them as far
as possible from the other disturbing elemmnts. Mrst to be
considersed here are digestibility studies on algin; As experi-
mental animals black and white rats were used. The studles
showed that the degree of algin digestion rose during the test
period from 54% to 80%. After 6 weeks the study was ended,
Digestion efficiency was then 80%. It is naturally not impossl-
ble that continuing the study longer could be considered. The

study showed clearly ln every case that one must assume a

L

relatively longer adaptation period, in order for the rat organlsm

to be able to digest the algin as complstely as possihle., This
agrees entirely with studies which were conducted by Lapique on

the feeding of horses with seaweed in France, snd which showed

that horses after only 1-4 weeks could digest the seaweed. Whether

intestinal flora play any part in digestion of algin cannot be
decided until after new studles.

we cannot of coufse conclude directly from these studies
anything about the digestibility of algin by our own domestlie
animals, such as swine or rumlnants. T7ut after a digestion
study which was conduc@ed by Ringen at the Norweglan Agrilcul-

tural School (Norges andbrukshﬁyskole), it was shown that the




nitrecgen-free extractive material was utilized by sheep to a
large sxtent in sverv case. We may therefore conclude that a
large part of the algin is digested as well. It 1s completely
certain trat this can re determined only after a digestion

re algin preparations
study for demestic animals as to whether\v’ére used as much as
possitle, and how the large amounts of salts and other components
which may cause disturhances, are removed.

Algae contains as well, in the summer, a large amount of
mannitol and it 1is therefeocre of significance to see whether 1t ean
be utilized by animals. It was believed earller that mannitol
was indigestible. This was concluded 1n a study done by Jaffe
in 1883, in which, after feeding dogs mannitol, 1t was found in
the urine. Therefore it was also telieved that mannitol could
+e used as a sweetening for diabetlics. Later 1t was seen that
*n1g was not true. Tannhfuser and Mayer demonstrated in 1929
that mannlitol causes glycogeniaccumulation in the liver. Carr
was able to show that mannitol produced a weak but obvious
increase in the blocd sugar curve. Lecocq found that pigeons
could utilize mannitol completely when the amount was 35% of
an otherwise fat-rich dlet. Todd, Myers, and West as well as
Carr and co-workers in America showed that glycogen content 1in
the liver of rats rose after feeding with mannitol. There 1s
thus no doubt that when mannitol is given to rats as a part of
the diet, 1t will in all cases be partially utllized.

We have at the Hermetic Laboratory (Hermetikklaboratoriet)
conducted a digestion study on rats, in which we replaced

carbohydrates in a synthetic diet mixture with different amounts
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of mannitel. “Ten hulﬂAo” Lr¢ carnohvirates was replaced,
correspending te 207 o the dist, the rats vecame sick and died.
Tevsver in vooluacing 1/4 of the cartohvdrates, corresponding

hiat the animals had practically
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There 13 -t hand ne study on the utilizatlioh of mannitol in
our own domestlic animalc. It i nevertheless likely that ruminant

orcanisme are adapted to = Lisher degree than carnivores to
utilize mannitol.
¢f special significance 1s zlcal content of laminarin. This
material which algae contains a sreat deal of as a host, is
built up in the same manner as starch. Upcn hydrolysis it ylelds
ure glucose., (Cne may thesrefore assume that laminarin would be
..iz2d 28 well as pure glucose, or 100%.
zarding the ohter nitrogen-Tree extractive matter of more
~wm type, the}e 1s at hand nc experimental investigation on
uelr digestibility. A study conducted by iingen at the Kor-
weglan Agricultural School has however shown that the digestibility
ir sheep of the sum total of nitrogen;free extractive matter 1is
2xtremely high.
With regard to seaweed's and algae's fibrous matter, we can
certain
also draw A conclusions concerning digestitility from the pre-
ceding studles. Fibrous matter is composed similarly to cellulose
in land plants, but it 1s probahrly more easily digested than land
plant cellulose., It 1s presumed to be closer to a kind of semi-

cellulose. Gloess helleves that the fibtrcus matter in algae 1is

more easily digestibhle than that in seaweed specles. Thls 1s also
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certainly corrsct, since while algae vlades are annual, seaweed
i2 perennial =nd -raduclly tecomes more tree-like. That algae's
Pi-rous matter 13 easily Jdirested was also established in a study
conducted.‘rf}ma?%ench Jotzrinary Soard. Upon feedinz horses

1t was fcun? in the “srinning that partly whole algae pleces

wepe in thz feecs, but in 1 short time these pleces disappeared

crues, after a short adaptation
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~prezl up the algae nleces.

The proteim content in seaweed =znd algae i not especlally
nich. 1In algae it is hichest 1n the spring, but silnce algae for
fodder should te harvested in the fall, the proteiln content plays
i gspeclally small role.

eaweed and algae also contain a minor amount of ether-

[¥7]

..le components which we have called "fats". There is on
3¢ .1y of trhe composition of this fat. It is also diffi-

-ult toe determige whether it can be utilized by the organism.
iingen has found, in his dlgestion study on seaweed and algae 1in

sheep, that this fat 1s practically completely digested.
~+ndv in calculating the fodder value of seaweed and algae meal

e have made a study to calculate the fodder value of sea-
reed and algae meal, patterned after the Ilnvestigatlions above.
we are however aware that this calculation 1s burdened with a
number of uncertain aspects, such as that one cannot produce an
account which will re entirely correct. Tut 1t should never-
theless be possible to(give a plcture ¢f the feed value. For

A

laminaria we have allowed for a digestion coefflelent of 1CC.



11

For protein we calculzted 507 dirested in algae, but proteln in

jas

seawesd 1s Z
coeficlent cf 10C,., Tor thz other mofe unknown nit.-cgen-free
extracts, vhich include mannitel, we calculated an average
di~estion cosfficient of 75. We calculated 5C% for fibers in
algae, tut the fibers ia seawecd are considered indigestinrle.
These dizestion coa” iclents stould in every case not give a
vsry favorale picture cof wicestivility. As a substitutlon
nunber fer cartohviooteg we caleculated 1, Tor proteln C.”7%, and
for fat 1.9. The valuc: wars calceculated accorllzg *e¢ Idin'e
“citile. Teen thsse nunt Lo v oolcoulated NKF and other units
per 10C kg. These zre for meal from autumn algae wilth 104

-

wing alzae 49, and for Ascophyllum 53.

. 4 . e PR S N s by .
wate . 70 mmite, Tor s

iriese numhers correspord to those for ceawesd and spring algae
... Ringen calculated after nis digsstlen study with seaweed
:nd algae meal in sheep. Unfortunately only the usual feed
analvsis was carried out for seawveed weal in Zincen's study.
It wAuld have ‘een of great intersest to have determined the
laminarin and algin contsnte. It 1s 1ndeed, as we have seen,

wy far of the most significance for feed valus.

Cf the greatest interest is 1t to note the large difference

wvhich we find in fesd value in fall and spring algae. A compari-

son with others indicates that seaweed meal and spring algae
have about the same feed value, which 1s high enough, btut meal
from autumn algae is considerarly better. It is of course
assumed that the amount cf seaweed meal in the feed will not be

<

so large that disturbances in digestion willl occur due to the

niircstirle. Tor fat we have accounted for a digestlon



ninetzl cont=nte.

At the Yermetic Lavoratoryv we conducted a series of fodder
studles o “ind cut 17 «illtions of small amounts of algae meal
have =ny &7 "¢ct., In the Tirst stulies we used rats as the
sxporimentsl aniaals,  The studies showed that with an addition
of 107 laminaria, the rat vtilized the Tedder about 10¢ better,
"rom the stulie:z it z2lsc *urned out that we were ahble to re-
place 107 corn meal and 877 potato msal, and practically pure
starch, with 20% al-ae meal, without the fodder being reduced.

It may naturally »e strongly emphasized that thls study was
conducted with rats, and that the relaticnships cannot be
apnlied to Zdomestic animals without further data.

In a new fodder study conducted in the same way, we replaced
1C7 nhav me2l with 107 algae meal, and in another study 20% hay
~enl wilth 207 desalted alcgae meal "Alzit D2" or 2074 desﬁ@ﬁed

cz-wesed meal, Ascophyllum.

These feed studies indlicated a suﬂgably encouraging
result,such that we decided to make a study with addlition of
gseaweed meal to fodder for plgs raised for market. The study
was set up as far as possible os feedine is done in practice,
in that the animals made up a part of the stock at a large steck
farm at Jaeren. The study involved 4& swine which remained in
the study until their weight increased from 15 to 60 kg. Tie
sought as far as possihle to choose a feed composition which
lay as close as possible to that usually used at the swlne farm.

“hey made up an lmportant part of the fodlder. However we wers

!
A

afraid that the large whev mixture would surely ohscure the



effeets of ceaweed meal; we ilvided the swine 1nto four groups
which wers ne z2like as possitle, in that we tock account of the
weight sourht in the nericd of a week, Each group of 12 swine
went together in one rard. (ne of the groups recelved the usual
plzTesd with vhey; in encther group a part of thls swine fodder
was replaced with £.77 senwweed meal. The two other groups
received no vrey, and in cne of these £.7% was replaced with
seaweed meal. sack animal was weighed at the beginning of each
week, and thereafter every third week until they had an average
weight of 6C kg. The amount of feed consumed in each group

was also accurastely contrclled. The study shows that the swine
which had received whey grew considerably faster than those
which went without. The swine which recﬂgved whey reached
market weight ahout a month refore the other zroups. There 1is
1ittle difference in the weéight curves for the two groups

which recelved wﬂey. The seaweed group was a little werse.
There 1s a blg difference hetween welght curves in groups with-
out whey, where the seaweed group's animals fared better. The
animals in the whey group ate a considerably larger amount of
feed, such that the number of units per kg increase was about
the same in 211 the groups. There was indi@@ﬁed a small
difrerence in the whey groups, which shows that utilization 1s
slightly better wlthout ceaweed addition. In the group without
whey, the relationships are reversed. Here the fodder utlliza-
tion is better in the seaweed group. It shcould also be noted
that digestion is entirgly nermal, and

r

case were looser bowels 1n the animals which received seaweed

— not noted in any



14

meal in the Tzed., 41l ths swine were slaug tersd and exported.
It ras not *can femenctrated that there was anythlng wrong with
the meat which con te ascriied to seawsed mezal feed. The study

acd
[

shows that veu can in practlce add seawveed meal to swine
feed to adv3?3”6~ e feed utilizatlion 1s not worse in the
seaweed greoup than in the other ocroups. %We should also note
that we used 1n thils study seaweed meal,as 1n the earller studiles
with rats and th:s studv vhieh was conducted by Ringen at the
Werwegsian Aorlcultrual “checel, vhich 1s not as zood as algae
meal. Comparable studies should he repeated with algae meal
cf varving cualityv.

The feed study with addition of seaweed and algae meal
to swine feed was ccnducted also by .ingen at the Norweglan
Agricultﬂgﬁl 3chool. In these studies we ussd 5, 1C, and 20%
in feed concentrate of the seaweed meal "Veptune", represented

-

by Ascophvllum, and another study was made with an algae meal

"4lgit", maufactured v Algea Products A/S. The studies show
that addition of 5% seawesed meal Vefalﬁ one of the rest growth
rates per zanimal per day. There was however a decrease in
marketavle percentage in the groups which had reéﬂﬁved sea-

weed meal, so that this relationship was partially equallzed.

Mr. HRingen has also conducted some Iinterestling welight studles,
The study concerned how large an amount of seaweed and algae
mezal the pigs could tolerate. The animals received up to €30

¢ seaweed meal per day. The sesaweed meal Increased the appetite,
hut when 1t reached thg amount cf 45C g/animal per day, the pigs

r

regan to have a little loose excrement. Then the amount was
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Increasel tc 77C /dav. In spite of these large amounts of

Lo

seaweed meal, crowth in tho <caweed meal group was not essentially
worse than in th: conirel -roup. There 1s not anything notahle

in that txe¢ <inimals hecams worse with the large addition of
mineral atier sl lodine vhich they recﬁ@ﬁed.

Trhere 1s avellal e alsc an interesting study which was
conducted i “rance in '02C on hiorse feed with seaweed meal. In
the studlec a welsht portion of ocats was replaced with s welicht
porticen ¢ raw algin, and the algae preparation was washed out
wlth hydrochleric z2cid., The studv showed that the horses which
recelved alzae _rew hetter than these which ot oats. The
horses were also restorsd to health which had lymph conditions.
Pecause of Prof. lapique, a study was conducted in the “rench
Army with an algae meal which was washed with milk of calecium.
Here also 1 kg osts was replaced with 1 kg a2lgae meal. In the
conclusion of this study 1t 1s sald that alcze meal could replace
cats in the ration o° military horses. Cats could ve fully
replaced with algase méal when the hcrses were worked moderately.
zven with hard work, such as on B-Gaylmaneuvers, the algzae
could entirely replace oats without anv injury to the animals.

There 1s also avallahle a recent account fTrom the_geterinary
Anspector, Malj. Moholdt, concerning a feed study on military
horses at Gardermoen in the summer. The horses were divided into
three groups with 10 in each group. In group 2, 1 kg ocats/day
was replaced with 1% kg "Algit" algae meal and in group 3, 2 kg

oate were replaced with 3 kg "Algit". The studv lasted 2 months.

The animals were weigh@d in the study. The al-ae feed had no



effact on the herces' wel i, “rem the study it turnsd out
that "4l-it" coulsd rsoluce ocats Ter militarv horses in the

relaticnstinz vhieh wsre stated. The amount would nevertheless

not cxeewi ok oocr oanio i per dav, since the horses otherwise
would rnave lcosge Towele., there could not he pointed out any-

tvinc alneors=zl in the ctudvy roress vhich received more than 3
inTlucnce was noted on the whole. The
horees rehavaed normally and there could he demonstrated no
di"fesrence in vork psrovrmance 'eiveen the ctudy horses and the
control horses. Thore wag, however, an obesrvation made which is
of rreat interest. The contrel norsss and horses 1n the contrecl

-

sroup were studied “or tapewormsg. This investigation was con-

ducted by veterinary ;ieutenant Aarflctt. It was shown that
’
the horeses which were fed wvith seaweed meal had considerahly

fever tapeworm eggs than the control horses. This was sald

3

about it in the veterinarv inspector's report, in addition:

"Tapeworms are extremely widespread among our horses and other

domestic animals. A ssrious wvorm infecstaztion reduces the
animal's condition to a consideratle degrce, It has heen shown
+to be most usual to tresat hrorses for worms. Should it he con-

firmed in a later studyv that scsaweed 1s ahle to reduce worms to
woudd be

a considerarle cegree, itA an impertant Tacltor In keeping

horses in condition." 1In this studyv 1 ¥g oats was accordingly

replaced vith 1% 1o "algit" seaweed meal., ‘e set the number of

feed units in oats at 84, so we determined that seaweszd bad a

Tced value cf E€ units. This figure accordingly lies right in
! v

the middle hetween the flgure calculated ty us fcr nurber of feed
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he theroid zland, which are called golter. This 1llness is
widesnread both amen: men and domsstic animals in a purely inland
district in our own countrv as well., It lgficcordingly here in
Forway's districts also)where icdine supplv in domestic animal
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that the increased amount of lodine which animals get in alcae
salts affects this favcrable relationship.
It can also e menticned that the amounts of lodline which

are added to the T in the Torm of seawsed or “y another means

[
[43]
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oucht not to exceed a certaln amount, since 1t can otherwise lecad
to ahnormal conditions in amimals which are called iodlem.
This was also shown by Fingen at the Norweglan Asricultrual

L

n
3chool 1n fesding pregnﬁ} swine with extremely large amounts of
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seaweed meal, The relationship makes it desirable for the manufacture and
use of seaweed and algae meal to be under ade%uate control, Seaweed and
algae meal which are manufactured and sold ought to be of a uniform quality.
With the sale of algae meal, it would clearly result in a question of spring-
harvested goods which is,accordinglx rich in mineral matter and iodine,i%
feed value is comparatively smll or if it is a question of algae gathered
in autumn, which has a higher feed value in return for a smaller content of
mineral matter and iodine. The amount of sd@aweed and algae meal in feed
concentrate ought to lie between 5 and 104, If it goes higher than 10%,

the mineral matter content ought to be decreased with washing, There is
such washed seaweed and algae meal on the market, One can without danger
use a larger amount of this than of untreated products,

A question which naturally arises is how larger are the amounts of sea-
weed and algae which one cane harvest yearly along the Norwegian coast
without the seaweed amounts being dpeleted. It is obviously extremely
difficult to give an answer to such a question as this, The seaweed
masses along the Norwegian coast are enormous. Only someone who has traveled
along the coast can form a picture of what scale the mass:e are concerned with
herei:ehith ebb tide an enormous belt of seaweed can be seen along the
entire coast; especially is it observed in Finmmark, where the difference
between ebb and flow is great. Here even large masses of laminaria come to
view when the sea is out.

One can get a closer picture of the seawsed masses' size by look-
ing at the drift algae which each year are cast on land at different places

on the coast. Thus the production of algae ash was at its highest when

exports were close to 5000 tons/year. This should, with an ash content of

r
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25% of the dry material, answer for ca. 20,000 tons of dry algae or ca.
125,000 tons of fresh., After Steffanseh's calculations,one can estimate
that the coastline where drift is gathered was ca. 200 km long. He
further calculates that if a corresponding amount were harvested along the
whole coast, this would answer for at least 375,000 tons of dry seaweed/year.
Drift is made up only of algae or the large laminaria species. In gddition
to this are the seaweed Ascophyllum and Fucus species, At Nordmfre, on a
comparatively limited coastline, ca., 10,000 tons dried seaweed/year of these
seaweed species were gathered, For the whole country the amount which one
can gather can be set at at least 300,000 tons, This figure is obviously
extremely uncertain, but it is sure not to be too high and it is very possible
that it can be doubled. We calculate that 1/10 of this amount is collected,
with a direct price to the gatherers of L ére (about 0,057 cents)/kg for
dried algae and 2 gre for seaweed, so this represents a sum of 21 million
crowns (about $3 million) direct price to the gatherers,

We summarize.what was said above on the use of seaweed and algae
meal as feed; accordingly one may say that the question can be seen to be no-
where nearly solved, The different effects which were established by adding
seaweed and algae meal ought to be conifrmed by further studies and we hope
that in this area it may result in a fruitful cooperation between the
Agricultural School, the Veterinary School, and the Hermetic Laboratory. In
any case one can conclude from the above that a smaller amount of seaweed and
algae meal in feed has a favorable effect and therefore ought to be recommended.
There is a question also of the greatest national economic significance both
because seaweed and algae meals are a wholly Norwegian product and because
this industry can provide 5ubsistence for large parts of the coastal popula-

-

tion; these questions are difficult to separate.
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Discussion

Prof. Breirem of the Norwegian Agricultrual School complimented the
lecturer for the account of his research, but believed him too optimistic
howve
eAhad long experience

with seaweed meal feed, but the experiences were not extremely favorable, and

on the question, At the AgricuLUag@L School peopl

this indicated that animals were not willing to eat the feed, The work by
the agriculﬂﬂgkl consultant Ringen on seaweed meal was one of the most worth-
while ones done on Norwegian feed preparations, The seaweed meal has a feed
value which can be paid with up to 10 dre (about 0.1l cents)/kg, while 16

gre is being asked; and as far as mineral salts are concerned, seaweed meal
is very high in them when its iodine content is considered. As an iodine
source the figures mentioned for seaweed meal indicate that it could be worth
recommending in mountain communities where there is often an iodine deficiency.
Seaweed meal's vitamin content was not given any further consideration by

the peopls at the Agriculﬂﬂgpl School. What is at present most interesting
is if seaweed‘meal may be significant as a replacement feed in a crisis
like the present one. Prof. Breirem believed however that the cellulose in
the feed was soluble,

Manager Torgersen of the Algea factory explained more closely the
collection of seaweed for his establishment. This year 7000 tibns were
gathered and he pointed out that this meant a significant income for the
district, with a corresponding saving for the State in the form of relief
paymentg,etc. There was already developed an export market and the figures
meant that quality control was necessary.

The figures were worthwhile for the studies which were conducted at the
Agriculﬂﬂghl School, but could ?ot eliminate the feeling that people had
come too early to a conclusion, Research studies ought to be connected with

assistance from veterinarians in order for them to be completely correct, and
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the results must be given an absolutely objective form.

Manager Gulbrandsen was in agreement with Torgersen's comments. The
Agricultural School has brought out a newspaper article which has injured
our seaweed meal export, It is not stated in it that the information given
is incorrect, but the Agriculﬂﬂgbl School has confined itself to feed value,
while there are also other values which are necessary to consider,

Dr, Finn Batt emphasized that it was a known phenomenon that with a high
iodine supply, one obtains an enlarged thyroid gland., It is with small
doses that treatment of goiter may be undertaken, and this may occur mainly
by eating fish, If one wantedjgupply stock, milk, or eggs with an adequate
iodine supply by putting seaweed meal in feed concentrate, the doctors would
be grateful, and the speaker concluded that it will mean a great deal for
folk health on the whole in obtaining more iodine,

The consultant Dr. Spildo raised the question of whether, in a iodine-
containing fertilizer, it does not cause people and animals to be supplied
with the necessary amount of iodine in a8 easy a manner as with more direct
methods.,

The lecturer Dr, Lunde emphasized that it was a fact that people all
over the country had observed good results in the use of small amounts of sea-
wead armd algae for domestic animals, but there had also unfortunately occurred
cases of using too large an amount., Seaweed meal's vaiue as feed cannot
be evaluated only from the difference in feed units it contains., The con-
tent of salts, especially iodine, as well as of vitamins, also plays a large
role. Seaweed meal is also thought to have a favorable effect on resistance
of animals to certain illnesses and is thought to be effective against intest-
inal parasites., All these questions cannot be sﬂyd to be ultimately solved
and the lecturer again exéressbd the hope that a fruitful cooperation may

come about between the Norwegian Agricultural School, the Veterinary School,
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and the Hermetic Laboratory to solve these problems which are so important
for the country,.

The chairman, Prof. Schieldrop, ended the discussion, expressing the
observation that the opinions on seaweed's use as feed reveal strong contra-
dictory evidence, and it probably take some time in studies in order to draw
the correct conclusions. But this can perhaps be seen from a narrower point
of view, in light of the situation we are now in, and it is thought that
seaweed opponents stand on a more common ground. The question is of not

being able to find a basis for a cooperation leading to directives which would

be a sfﬂg@ficant value for us now.
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TAslLE 1.--SruCIES, SITES AND TIMIS OF COLLECTINN, AND PROXIMATE AN’:‘;LYSES
OF SEAWELERD MEALS USED IN DIGESTIBILITY TRIALS

i i
H ‘ o
Posite and time ol L Crude | Ether | Crude Nitrogen- Organie
| ) . Maotoare | T . N Ach free i
o ton protein | oextract fibre matter
% extract
% o % | % % % %
Alixed* 18.2 7.7 1.3 9.7 26.2 36.8 55.6
Ascophyllum | Hackett's Cove, 12.8 3.9 5.6 3.3 16.5 57.9 70.7
rolosuin ay, 1933
Fucus : 12.8 12.1 3.6 4.4 17.4 49.7 69.9
vesiculosus Nay, 1953
Asconbylium | Port Lorne, 10.2 8.0 0.8 4.9 15.6 "60.5 74.2
no-tos June, 1933
Fucus Port Lorne, 8.5 9.4 1.2 5.1 19.2 56.6 72.3
vesiculosus June, 1953

% Mostly Ascophyllum nodoswm and Fucus vesiculosus. .

The birds would not eat the seaweed meal when it was offered as the
sole food.  Accordingly, the meu! was fed in admixture with a basal ration
the digestibility of which had been previously determined. The ratio of
basal ration to seaweed meal fed in each trial and the proximate analysis
of each ration are shown in Table 2. ,

Seven trials were carried out with seaweed meal over a period of three
vears (1932-1654).

Six Barred Plvmouth Rock laying hens, approximately one year old,
ware used on each trial. The birds were kept in individual metabolism
cages similar to those described by Olsson and Kililen (€). The experimental
feeding period lasted 4 to § days and was precedad by a preliminary feeding
period of 4 davs. In the trials conducted in 1932 the feed was offered in
the form of a dry mash and was kept before the birds from 9.00 a.m. until
4.00 p.m. Daily feed consumption was recorded by weighing back the
unconsumed portion at the end of each day. In ail other trials the feed
was mixved with water and fed twice*daily in the form of a moist mash in
amounts which the birds would readily consume. Water was provided
ad Livitum. The duration of the trials and the average feed consumption
per bird are shown in Table 3.

The excrement was collected on anodized aluminum trays placed under
the metabolism cages. The cxcrement from eacht bird was collccted daily
at 8.00 a.m. and dried in an electrically heuted oven at 80°C. At the
termination of each trial, the total excrement from each bird was ground,
nixed and sampled for analysis. '

The feed and dried excrement were cnalysed for moisture, total
nitrogen, cther extract, crude fibre and ash, by standard methods (7).
The crude fecal nitrogen, as opposed to the urinary nitrogen, was deter-
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SLoredur., 1033] 2 JINTYRE-—DIGESTIBILITY OF SEAWELD ‘171
TapLe 3. —NTIIBER OF I'nNE, D TION OF COLLECTION PERIOD, AND
AVERA 3 CONSUMPTION
i
) i o ! . Collection | Av. {eed
Year | a1 Ration Number period, | consumed,
i onueher of hens dayst gm.
|
2 707 Dasal 4= 355 Sqawend Meal 6 4 424
1023 3 6 S 480
4 6 5 500
5 6 5 500
6 ‘ 6 4 207
1954 7 6 8 800
8 | 6 7 700
9 6 8 960
10 | 6 1. 700

t The collection period wus preceded by a preliminary feeding period of 4 days in each trial.

mined by the method outlined by Ekman, Emanuelson, and Fransson (2).
The organic matter and aitrogen-free extract attributable to intestinal and

rinary sources were calculated by the methods outlingd by Olsson and
Kihlen (8).

RESULTS AND DISCUSSIONS

The birds showed some reluctance to consume the rations containing
senweed meal when it was offe -'::i in the dry form. \When the rations were
moist (,Il”d with wirer and offered as a moist mash, then the birds consumed
them quite readily, with one exception. This exception was encountered
in Trial 6 with tae ration to which 50 per cent of seaweed meal (F. vesicu-
losus) had been added. In this trial considerable difficulty was experienced
in getting the birds to consume the feed. There was no adverse effect on
the taste or odour of the e3gs when seaweed meal was fed.

The results of this work are summarized in Table 4. The addition of
seaweed meal to the baszl ration resulted in decreased digestibility
coefficient for all nutrients, except fat in Trials 2 and 5. The digestibility
of the scaweed meals tested was very low for all nutrients except fat.

The results indicate that these seaweed meals are poorly digested by

the laving hen even when fed at levels as low as 10 per cent of the ration.
These experiments do not support the view that seaweeds or seaweed
products exert a beneficial influence upon digestion.  Previous work at this
Farm (4) showed that 10 per cent of seaweed meal was about the maximum
which could be tolerated by hens and chickens. These results also showed
that when seaweed meal was fed the birds consumed more feed. The
addition of seaweed meal in excess of 10 per cent of the ration resuits in the
co'lcumption of excessive amounts of water end very soft droppings which
may have an adverse effect on the dizestbility of the basal ration with
which the seaweed 1s fed. Work at L\f:q;mg University (1) has shovwn that
when 20 per cent of scaveed meal was fed the mineral metabolism of the
birds was affected. It is possible that such a disturbance of mineral
metuabolism may adversely affect the digestion of other nutrients.
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Yakugaku Zasshi 87:6)1935-9,1967

Ozawa, H., X. Gomi, and I. Otsuki: PHARMACOLOGICAL STUDIES ON LAMININE
MONOCITRATE ! Yakugaku Zasshi, Vol. 87 (8), pp. 935-939, 1967.
Pharmaceutical Institute, Tohoku University School of Medicine, Sendai,
Japan,

Laminine (5-amino-5-carboxypentyl) trimethyl ammonium was isolated
from Laminaria angustata Kjellman for the first time by Takemoto et al./ 1 /,
and its chemical structure has been determined / 2 /. This compound has
also been found widely in weaweeds other than laminarias / 3 /. For many
decades, laminaria has been used as a folk remedy for the prevention or
treatment of hypertension and studies, including Kameta's clinical experiment
/ 4 /, demonstrated its hypotensive action. In an attempt to determine
the component which directly contributes to the depression of blood pressure,
Takemoto et al. successfully extracted laminine.

To the present, a few papers have been presented at medical meetings
on the pharmacological action of laminine including those by Ando et al.
/ 5 /. This paper provides the results of an experiment on the action of
Taminine monocitrate on the circulatory system and excised smooth muscle
preparations.

EXPERIMENTAL SECTION

EXPERIMENTAL PROCEDURE

ACTION ON BLOOD PRESSURE. Rabbit carotid artery pressure was recorded
~+iher on a smoke paper by means of a mercury manometer by the normal
rrocedure or on a pen oscillograph by means of an electric tonometer.

The respiration was recorded by connecting a tracheotomy tube to a tambour,
the heart beat was computed from the electrocardiogram. The drug was

~wministered through the aural vein, but when it was injected into the

vertebral artery or the common carotid artery, a cannula was inserted

into the subclavian artery and either the vertebral artery or the common

carotid artery was blocked. The same procedure was applied to mice except

that the drug was always injected into the femoral vein.

RECORDING OF CARDIAC MOTION.

i. Yagi's procedure: The normal procedure was followed, using toad
hearts :and Ringer's solution for cold-blooded animals. The drug was
administered through a cannula. The apex beat was recorded on a smoke paper
by means of a lever.

ii. Langendorff's Method: Guinea pig_hearts were subjected to perfusion
following the method employed by Burn / 6/, Brown, and Lands L7 /. o
Oxygen was introduced to Krebs-Hensleit bicarbonate solution (34 = 35°C)
before use. The perfusion pressure was 20 mmHg. The heart beat was
recorded on a smoke paper with a lever. The drug, 0.1 ml, was injected
into the rubber tube in the upper part of a cannula.

iii., RECORDING OF IN VIVO CARDIAC MOTION. Rabbit hearts, immobilized

*1 Presented at the annual meetings of Japanese Pharmacological Society,
Tohoku Regional Branch (1965, 1966).



with d-tubocurarine chloride, were exposed without opening the thoraic
cavity under artificial respiration / 8 /. Electrodes were attached to
ventricular walls, and the cardiac motion was recorded on a pen oscillograph
with a 2-lead impedance plethysmograph (Nihonkoden MPZ-1). During this
procedure, the carotid artery pressure was also recorded with an electric
tonometer. The drug was injected to theaural vein. The heart beat was
computed from one of these recordings.

EXPERIMENT BY MAGNUS' METHOD. Themuscular contraction was recorded
on a smoke paper with a lever by the normal procedure. The experimental
conditions for each preparation are shown in Table 1.

TasLe 1. ¥.iperimental Condition in Magnus’ Method

- Exptl.

% nimal Organ temp. (°C) Spasmogen
Mouse o 26 ACh, 5-HT, Ba?* Tyrode soln.
Criinea pig Small intestii.e 26 ACh, hist "

¥ Aorta 37 NA N

" Trachea 37 — o

7] Vas deferens 31 NA, Iso i "
Frog Rectus abdomir; muscle room temp. ACh Ringer soln.

TEST COMPOUNDS: The compounds used for the experiment are as follows:
laminine monocitrate (Lam), mol. wt. 380 and readily soluble in water;

drenaline (NA); isoproterencl HC1 (Iso); acetylcholine chloride (ACh);
atropine sulfate (Atr); papaverine HC1 (Pap); histamine 2HC1 (hist);
ceratonin creatinine sulfate (5-HT).

EXPERIMENTAL RESULTS

ACTION ON BLOOD PRESSURE. Lam, 10 - 30 mg/kg i.v., depressed rabbit
carotid artery pressure by 20 - 40 mmHg, but the depressive action was
transitory. It also stimulated the respiration temporarily at 20 mg/kg i.v.,
ki1t the change was not significant (Figure 1). Since the hypotensive
action of Lam showed no response to a pretreatment with Atr at 2 mg/kg,
it is assumed to be non-cholinergic. Lam exhibited no effect on the
hypertensive reaction due to bilateral carotid occlusion or intravenous
administration of Na at 5 ug/kg. This was also noted in mice.

The administration of Lam through the vertebral artery (5 mg/kg) or
the common carotid artery (10 mg/kg) was also followed by transitory depression,
but the time up to the manifestation of such effect was short as compared
to that following the injection through the aural vein, suggesting that
the depressive action takes effect at a site higher than the site of injection
as well.

ACTION ON THE HEART.

i. Yagi's procedure (toad): Lam at over 10" caused a decrease in
amplitude in excised toad heart, followed by an increase in some cases.
At over 103 M, the cardiac motion stopped in most cases. However, no change
in heart beat was noted, except when the treatment was continued for a
prolonged period which eventually produced brachycardia in some cases.
The decrease in amplitude and brachycardia were not antagonized by Atr at
1 x 1074 M, but mutual antagonism with Na at 1 - 5 x 10-° was noted.
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I!.am2mg. “3bsec.
Fig. 2. Effect of Laminine Monocitrate
on Langendorff’s Heart Preparation

tiam.20 c.0. of Guinea Pig
co. co. mg./kg after 20min.

Fig. 1. Influence of Laminine Monocitrate on Blood Pressure
and Pressor Response by HKilsteral Carotid Occlusion in
Urethane Anesthetized Rabbii

ii. Langendorff's Procedure (guinea pig): Lam at over 1 mg reduced
the cardiac movement to a notable degree, although the change was transitory
and the heart beat remained without change (Figure 2). Lam at 5 mg
temporarily suspended cardiac pulsation, but repeated perfusion brought
back normal condition. The transitory cardiac suppression by Lam was not
antagonized by Atr at 0.1 mg (a dose producing antagonism against 1 ug of
ACh), but mutual antagonism with Ca** at 600 ug and Na at 0.5 mg was noted.
The perfusion of the preparation with Lam at 50 ug/ml inhibited cardiac
. ..sation and weakened its reactivity toward Na (Figure 3), but withdrawal
of the perfusion normalized the condition.

Since Lam is used in the form of a monocitrate, the effect of citrate
was also studied by administering Na citrate of the equal mole. A weak
inhibitory action was observed, but the degree of inhibition was considerably

r than that of Lam.

iii, In-situ Heart Movement (rabbit): Lam at 30 mg/kg i.v. inhibited
cardiac palpitation, but the change in heart beat was minimal (Figure 4).
Bilateral vagotomy did not supress but somewhat intensified the inhibitory
action. The time course was short as compared to that in its hypotensive
action in both cases. Thus, the vagus nerve cannot be the center of its
depressive action.

.

mmHg-~ -

Fig. 4. Effect of Laminine Monaocitrate on Cardinc
! Movement and Blood Pressure of Curarized Rabb.i
NA 0.1 4¢{6min) NA 10 g. (Tmin.) ' i
Fig. 3. Effect of Perfused Laminine Mono-
citrate (50 pg./ml.) on the Activity and
Responsibility to Noradrenaline of Lan-
gendorff’s Heart Preparation of Guinea
Pig .
Nos, in parenthesis show the time after
the begining of perfusion

(a) before and (b) after bilateral vagotomy



ACTLON ON EXCISEBR SMOOTH MUSCLES. The actions of Lam at 1 x 107> M
on major muscle preparations are shown in Table II.

Tarwe . Effects of Laminine Monocitrate (1 x 10732M) on Muscle Preparations
Anima) 8 )rg i Spasmogen (M) Response (%)
Mousie Small :ntestine ACh 1.0x 104 -70.7+ 3.9
Guince pig Small intestine ACh 1.0x10 ~5.9+ 5.4

i " hist 1.0x 10-7 —97.8+ 1.3

f Vas dcierens NA 5.3x10°® +192.7+40.7
Frop Rectus abdominis ynuscle ACh 1.0x10-5 —21.44 4.6
rn  1.0x10°* ) —3.4+ 3.2

i. Mice small intestine: +kam at over 10 -4 M suppressed the intestinal
contraction induced by ACh, Ba (1.23 x 10-3 M) and 5- HT (1 x 10-° M).

The rate of inhibition, calculated using ACh at 1 x 104 M by the 4- -point
method at ED 50 of 7.6 x 10-4 M was 0.93% of Pap. Lam at 3 x 1075 M did
not supgress but potentiated the intestinal contraction induced by ACh at
1 x 10” After the ACh-induced contraction was suppressed with Lam at
over 10“4 M, the small intestine was washed and treated with ACh at the
same concentration. As a result, the height of contraction was elevated
and repeated washing normalized the reactivity. The mechanism involved in
this phenomenon is undetermined.

ii, Guinea pig small intestine: Lam exhibited its anti-histamine
action (his, 1 x 1077 M) at 1 x 10‘5 M. It suppressed muscular contraction
iearly completely at 1 x 10" M. The ED 50 was 2.2 x 1074 M. However,
its anti-acetylcholine action in guinea pig_small intestine was weak,
the contraction inhibition ratio at 1 x 1072 M being only 6% (Figure 5).

) iii. Smooth muscle of guinea pig aorta:
hist1x30 -0 Lam reduced the muscular tension at over
‘ 4 x 1074 M, and antagonlzed the contraction
induced by Na at 4.9 x 10-9
iv. Smooth muscle of guinea p1g trachea:
Similarly, Lam at 6 x 104 M reduced the
muscular tension.
v. Vas deferens of guineg pig: Lam at
2.5 x 104 Mand 1 x 1073 M potentiated

100!

.

Inhibitory ratio
o
(=]

j __—ach1x10- the contractlon induced by Na at 5.3 x
I i 3 > by 24 and 193%, respectively. The
—log conc.(M) contractlon induced by Iso at 8 x 1074 M
Fig. 5. Spasmolytic Action of Larrinine was also potentiated. However, no
Monocitrate in Small Intestine of effect of Lam was noted at 2.5 x 10~/ to
Guinea Pig - ' 2.5 x 10> M. Lam exhibited no antagonism
vertical line: S.E, against Na or Iso.

ACTION ON RECTUS ABDOMINIS MUSCLE OF TOAD: As shown in Table II, the
inhibitory action of Lam on these preparations was weak. The contraction
induced by ACh at 1 x 10~° and 1 x 10~ -4 was inhibited 21.4 and 3.4%,
respectively, at 1 x 1077 M,

ACUTE TOXICITY AND SLEEP PROLONGATION ACTION. For mice, the LD 50 by
the intravenous route is 394 mg/kg (up and down method), and that by the
hypodermic route is 2.98 - 3.57 g/kg. Intravenous injection of this compound
at a lethal dose causes death within several minutes following spasm and
opisthotonus. However, intraperitoneal administration or hypodermic



injection of Lam at smaller dose (e.g., 500 mg/kg i.p.) is responded by

no characteristic change other than weak tremor of the hind legs and
hypomotility. Intraperitoneal administration at 200 mg/kg exhibited no
effect. The duration of sleep induced in mice by cylobarbital Na at

80 mg/kg i.p. 10 minutes after intraperitoneal injection of Lam at 500 mg/kg
was 82.5 min, without a significant difference from 60.9 min of the

control. Thus, no sleep prolongation effect was observed.

DISCUSSION

Since lamine, a crystalline substance, was discovered during an
experiment on the hypotensive component of laminaria, its depressive
action particularly drew interest. As described in the experimental section,
its depressive action was observed at a dose over 10 mg/kg, but its
duration was short. Ando et al. / 5 / observed depression by 20 - 30 mmHg
upon intravenous injection of laminine hydrochloride 30 at 100 mg/kg.

They stated that atropine did not affect its hypotensive action and Lam
caused no change in the hypertensive action of noradrenaline or bilateral
carotid occlusion. Although the site of action is not clear, its direct
dilatation action on the peripheral blood vessels seems to be the most
probable derivation of the effect, judging from the changes in the heart
and smooth muscles induced by this compound.

The action of laminine on the heart is manifested as the suppression
of in situ and in vitro cardiac movement, but the heart beat showed no
change and the amplitude became reduced. A single administration of Lam
caused a transitory change, and, as shown in Figure 4, its duration is
shorter than the time course of its hypotensive effect. Furthermore, the
perfusion of the muscle preparations not only suppressed the contraction
but reduced the sensitivity toward noradrenaline. Its suppressive action
on the heart was not antagonized by atropine. Ando et al. / 5 / a slight
increase in amplitude in Langendorff preparations, but the present experiment
revealed no increase,.

Laminine reduced the tension of the smooth muscles of mice small
intestine, and guinea pig small intestine, aorta, and trachea, and antagonized
the contraction induced by acetylcholine and histamine. The concentration
at which Lam manifests such action is relatively high, but the antihistamine
action in guinea pig small intestine was relatively strong. Lamine also
inhibited the contraction of the rectus abdominis muscle of toad, but
its effect was weaker than that on the smooth muscle.

As described above, laminine possesses inhibitory action on the heart
and other preparations, but the manifestation of such effects require
relatively high concentrations. In view of the fact that it antagonizes
acetylcholine, serotonin, and Ba** to an equal degree as noted in mice small
intestine, its action is assumed to be musculotropic. Moreover, its action
is transitory as noted in Langendorff's specimens, and the normal condition
is recovered immediately when the drug is removed. Based on these observations,
it is assumed that its musculotropic dilatation action on the peripheral
blood vessels contributes considerably to the transitory depression of
blood pressure., It must be noted, however, that this assumption was drawn
from an acute toxicity experiment by single administration of the compound.
Its effect on blood pressure in prolonged use and its possible cholesterol-
reducing effect, in view of its efficacy toward hypertension as is suggested
by its traditional use as a folk remedy for this purpose, must be investigated.
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The action of laminine on guinea pig vas deferens was quite different
from that on other organs in that it stimulated the contraction produced
by noradrenaline and isoproterenol without sign of antagonism. Its
stimulatory action on muscular contraction was occasionally shown by mice
small intestine after laminine was washed off, although the degree of
stimulation was not as notable as that in vas deferens. The mechanism
of such stimulatory action could not be fully clarified in this experiment,
but it secems to be of considerable interest.

CONCLUSION

The present study on the pharmacological action of a seaweek component,
laminine monocitrate, yielded the following results.

1. The acute toxicity of laminine is extremely weak, the LD 50 by
intravenous injection in mice being 394 mg/kg, and the LD by hypodermic
injection being 2.98 - 3.57 g/kg.

2. Laminine inhibits cardiac motion in situ and in vitro and exhibits
a transitory hypotensive action, but causes no change in heart beat.

3. Laminine reduces the tension of the smooth muscles from the small
intestine, blood vessels and trachea, and inhibits the contraction induced
by various drugs. Its effect on toad rectus abdominis muscle is weak as
compared to that on the smooth muscle preparations, and it stimulates
the contraction of guinea pig vas deferens.

3. The mode of its hypotensive action and inhibitory action on smooth
muscle contraction is yet to be determined, but its action is assumed to be
T asculotropic rather than neurotropic.

This study was partly financed with the fund provided by the Ministry
of Education for the study of '"Pypotensive Component of Laminaria" which
is being carried out under the supervision of Prof. Takemoto, and the
spevimens used in this experiment were supplied from Prof. Takemoto of this
susiitue, for which the authors are sincerely grateful. Acknowledgement
is also due to K. Omura, S. Kodama, H. Hasegawa, and Y. Shiraishi who
participated in the experiment.
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THE INFLUENCE OF KELP MEAL FEED
ON THE IODINE CONTENTS OF THE HEN'’S EGGS
By o

E. SUMITA, A.KAWABATA and Y.FUJIOKA
Imperial Zootechnical Experiment Station, Japan

It has been observed that the iodine content of the hen’s egg is increased
when potassium iodide or some other iodine compound is given to the laying hen.
(J.Straus, 1933; R.Sasaki, 1930.)

In the present investigation an attempt has been made fo measure the iodine
Content of the hen’s eg¢ when kelp meal (Ecklonia Cava) has been given to the
laying hen in varying quantities.

It may be observed that the lack of iodine in human food is made good by
eating hens’ eggs produced by kelp meal feeding.

Peoc., Warld’s ?ou”‘fy Ca"n? .
é% @on? Bevlin and Le,/oz:j
Seck 2 343-34¢, 1936
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L. Method .

Four laying hens (White Leghorn) were placed in battery and divided in to
two lots, viz. A and B. This experiment lasted 20 days, and during this period
kelp meal was given in capsules to lots A and B regularly every morning in
quantities of 5¢. (13.9mg. 1) and 10g. (278 mg. 1) respectively. The basal diet
used in this experiment was as follows,

Mash (parts by welght) Scratch (parts by weight)
(Ad Libitum in hopper) (40 ¢ per bird a day)
Rice bran 20 Maize 40
Wheat bran 25 Wheat 30
Barley bran 10 Barley 30
Soyabean cake 10 : .

Fish meal 20

Maize ' 15

Mixed salts 5

Throughout the entire period of the experiment edds were weighed, and then,
after the shell had been well washed boiled in the water so as to cause coagulation
of the contents. The yolk was separated from the white, and the iodine contents
in each part were measured. ! ¢ ®

Determination of iodine

Dlace the material in a nickel dish, add 10 cc. of 20 % KOH solution and mix
well. Ignite carefully at a low red heat to destroy organic matter. Extract the
residue by means of a small quantity of water and alcohol several times, and
finally filter. Ignite the residue together with filter paper and extract the residue
by means of alcohol. Combine the washings and filtrates, evaporate it to dryness,
add 50 cc. of distilled water, slightly acidify with sulphuric acid, using methyl
orange as an indicator. Boil to expel CO,, add bromine water and heat it, after
the liquid has become colorless, continue boiling for five minutes.

After cooling, add a small piece of potassium iodide crystal to the solution,
and titrate with 0.005N thiosulphate solution (1 cc.=0.1058 mg. 1) using starch

+ solution as an indicator. .

The iodine content of each fraction obtained by extracting the yolk and white

by means of ether, hot water and alcohol successively, was also measured.

II. Results ' .
Throughout the period of the experiment, the birds were all in a good state

of health. .
Their weights and egg-laying conditions were as follows,

Number of Eggs : " Weight
Bird No. produced Before experiment After Experiment
{ 3-63 18 1880 ¢. 1860 ¢.
Lot A 3.99 16 2045 g. 1970 §.
{ 3-240 16 1800 g. 1850 g.
Lot B | 5.042 17 1720 ¢. 1740 ¢.

The yolk was separated from the white of each egg and the iodine content
was determined by the method as stated above, and the following results being

obtained:
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Lot A
(Kelp Meal 5 Grams)

Lot B
(Kelp Meal 10 Crams)

Basgl Diet - Kelp Meal

o Bird No.3—63  Bird Nr.3-221 Bird No.3—240 Bird No. 3—242
& Amount of lodine Amount of lIodine Amount of lodine Amount of Jodine
E bl « hrd o8 ob o b o
o Date | & ) - = 2 & & 2 g & %
- - ') L) '™ “r =] % ™ = [ “ =]
,, ° ] - ° ° - ° ] - =] © -
S i ¢ 2 i & 2 & & x4 & % 4
T 5 G < B 3 3 B o 3 § il
B > B > B > B >
g. mg mg. g. mg. mg. g. mg. mg.‘ g. mg. mg
o| May '
&l 1| %3 57.8 533 Y
8 19 | — 0002 0.005 59.9}0.001 0.004 51.8} 0.003 0.003 — }&‘,’,‘Zﬁgﬁ’;"o"
mt 20 57.4 51.3 ] (Average) 53.9 | (Average) 64.1
21 604 — — 566 0.003 0.005 — — — 618 — —
22 57.5 0.052 0008 54.2 0.018 0.007 542 0.096 0.015 — - -
23 55.2 0.038 0.091 543 0.095 0.045 54.6 0.111 0.076 60.0 0.096 0.100
24 54.5 0.047 0326 — — — 531 0.123 0240 59.8 0.154 —
25 62.2 0.074 0366 57.0 0.086 0.288 53.7 0.145 0580 — —_ —
26 59.5 0.076 0571 539 0.085 0.722 53.2 0.178 0.879 62.8 0.204 0.662
27 56.6 0.088 0.672 56.8 0.090 0.599 533 0.165 1.110 61.4 0.194 1.178
28 583 0.068 0.748 — — — 520 0.168 1.052 60.5 0.181 1.260
29 570 0.061 0.698 57.0 0.078 0.806 — — — 580 0.180 1.301
30 569 ~ — 56.7 0.084 0.750 53.8 0.216 1.209 573 — —_
31 — — -— 569 0061 0.589 55.7 0213 1.526 — — —
une
| 1 59.0 0.114 0.890 563 0.103 0.652 51.4 0230 1.386 63.7 0.215 1.488
2 59.7 0131 0.731 571 — —- - = — 640 0.155 1.291
3 571 0.101 0.877 — — —. 514 0233 1222 60.1 0.160 1.330
4 589 — - 573 0116 0.872 520 — — 603 — —_
5 56.7 — — 572 0123 0938 513 0.173 1435 60.2 0191 1.175
6 553 0.099 0.842 563 0.129 1.084 — — — 585 0.308 1.309
7 555 0139 0.797 577 — — 545 0261 1285 — —_ —_—
8 | 559 0123 0825 — - — 521 0235 1.298 60.1 0306 1.320
9| — — - — 557 0096 1.073 515 0.166 1310 59.2 0.332 1.545
10 55.8 0.165 1.027 57.8 0.156 0.998 52.5 0.196 1.395 60.7 0.194 1.592
11 573 0.154 1.033 60.0 0.092 1.058 — — — 60.0 0.160 1.459
12 573 . 0.045 1.041 542 0.056 0.976 539 0.100 1.223 585 0.090 1.641
-l 13 58.2 0.016 1.017 — — — 551 0.074 1185 592 — 1.099
2l 14 56.1 0.010 0.829 563 0.014 0.902 55.0 0.026 1.095 57.5 0.065 0.993
Ql i 5.9 — — 575 0.004 048 54.8 0.006 0.764 60.2 0.006 0.730
36| - - - = - - - = = - = -
17 - - = = = = = = = = - =
18 57.4 0.008 0.032 57.7 0.003 0.030 52.7 0.003 0.056 58.7 0.003 0.035
19 — — - - —_ - - — -_ - — —
20 - — -_— —_ — -— — — _ - —_ —_
21 58.6 0.004 0.014 59.1 0.003 0.007 57.1 0.003 0.012 582 0003 0.014
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Summary

1. In the case of feeding on the basal diet, the iodine contents per egg were
0.0013 mg. in the white and 0.0040 mg. in the yolk, whereas where kelp meal was
given fo the hen with fthe basal dief, iodine contents increased rapidly in the white
and slowly in the yolk. ’

The maximum iodine contents observed during the experiment were as follows.
Lot A 0.165 mg. 1.041 mg.
LotB 0.332 mg. 1.641 mg.
When kelp meal feeding was discontinued, iodine contents decreased rapidly in
the white and slowly in the yolk.
2. Where kelp meal was given in double quantity, iodine contents in the white
increased to double, whereas in the yolk the increase was not doubled.

3. Iodine in the white seemed to exist in an inorganic form, in the yolk, for
the most part, in an organic form. .

REFERENCES
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Laminaria japonica is a unique food stuff of a maritime country,
Japan, and it has been used traditionally in the diet. It is pro-
duced in large quantities as well; nearly equalling the annual
production of greens for pickling which ranks as the second highest
production item among vegetables in Japan.

The dietary significance of L. japonica has heretofore been
considered to be chiefly its flavor component, glutamic acid,
mannitol, and inorganic components. These substances are present
in relatively large quantities in L. japonica and there is practi-
cally no knowledge regarding any other components.

One of the authors(l) quantified the flavin content of various
seaweeds using various methods and found that approximately 900Y%,
a relatively large amount, is present in L. japonica. Flavin is a
growth-promoting factor as well as a factor for normalizing dermal
function and the growth of hair. In order to investigate the
result of its direct effects on a living body, the following animal
experiments were carried out.

15 rats were grown for 30-olus days on a2 flavin-deficient diet
and these rats with a marked deficiency were divided into 3 groups
for testing: (1) flavin-deficient grouo, (2) flavin phosphate ester
adainistration group, and (3) powdered Laminaria administration
group. As a result, the flavin-deficient group showed poor growth,
roughening of the fur, and some finally died. On the contrary,
both the flavin grouo and Laminaria group showed normal growth and
smooth fur. Furthermore, the Laminaria group generally responded
better than the flavin group in growth, fur length, density, and
luster. Because of these results, it seems that Laminaria contains
other effective substances besides flavin. However, further de-
tailed tests are necessary on this subject. In this paper, a
report is made only on the fact that at least the flavin in Lami-
naria particularly improved animal growth and appearance of the
fur.

Experiment
(I) Test animals
3 sets of litters totaling 15 rats, provided by Food Research

Institute, were grown on a balanced diet until they weighed approxi-
mately 50 gr. and were used for tests. :

1) Contribution 'from Department of Food & Nutrition, Faculty of
Home Economics, Ochanomizu University, No. 4.



(II) Feed

(1) Prevaration of basic feed

Flavin was removed as much as possible from the starch and
casein used for basic feed by the following methods.

(a) Purification of starch

3-fold volumes of distilled water was added to starch and
allowed to stand for 10 hours. The mixture was then mechanically
stirred for 10 hours. The flavin content of unpurified starch was
23.5Y% while the ourified starch contained no flavin at all.

(b) Purification of casein

The flavin content of unpurified casein is 235v%. It is very
difficult to completely remove flavin from casein. After compara-
tive studies of various methods, casein with a minimum flavin
content of 52.5Y% was obtained by the following method. Namely,
L40- or 80-mesh casein nowder mixed with 3 parts of anhydrous meth-
anol was heated while mechanically stirring over a water bath for
a total of 16 hours with fresh changes of methanol every 4 hours.
(When the mixture was not mechanically stirred, the flavin content
remained at 78.0v%. There was no difference in results between
40- and 80-mesh powder).

(Note) The flavin in (2) and (b) was quantified by the Lumiflavin
method after diastase digestion,

The mixing ratio for the basic feed was as follows:

< Starch 5.7
Casein 1.8
Soy bean oil (1/11 part liver oil mixed in) 1.1
Salt (V.S.P. No. 2) 0.4

These were mixed with water and cooked well to make a thick
cream and fed at the rate of 50-80 gr. ver day.

(i1) Vitamin administration

Various vitamin supplements were prepared in aqueous solutions
at the fecllowing concentrations, placed in separate dropping bottles
and 1 drop per rat was squirted directly into the mouth using a
dropper. '

Table 1. Vitamin mg. /1l cc Y/l drop
Thiamine 1.28 4o
Pyridoxine 1.35 4o
Ca-Pantothenate 157.5 150
Flavin phosphate 0.19 (as flavin) 5

(only flavin group)




(i11) Laminaria administration

The Laminaria used was fresh L. japonica collected this summer
at Muroran, Hokkaido, dried at about 1007 and powdered to 40 mesh.
1 gr. of the powder per rat (flavin content, 3Y) was scaked in a
small amcunt of warm water for 30 min. to which a part of the basic
feed (about 20 gr.) was added, mixed well and administered in a
senarite container from the basic feed. Animals in all cases first
finished the Laminaria-mixed food and then ate the basic feed.
Thus, 211 the Laminaria offered was eaten.

(III) Growth test

The rats were raised by giving the above basic feed and thiamine,
pyridoxine and Ca-vantothenate as shown in Table 1 for about 30 days
(few days individual difference existed). They exhibited a marked
flavin-deficiency of rouchened fur and voor weight gain. Next, the
rats were divided intc 7% grouns by litter and raised for 33 days

under the following resrmective conditions:

(1) Flavin-deficient diet was continued.
(2) Flavin nhosphate was administered.
(3) Powdered Laminaria was administered.

(IV) Exrerimental results

(i) Weight zain curves

4 comparison of the rats by litter groups indicated, as shown
in FMigs. 1, 2, and 3, that the Laminaria group and the flavin group
showed rapidly improved growth in all cases, unlike the flavin-
deficient grouvyafter the Laminaria or flavin diet was begun.
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Notations for Pigs. 1 - 3:
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For, v Ma, 10 (Laminaria sdm'd rat)
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